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FOR a lodorn LIGHTING 


locations with Adverse Atmospheric Conditions 


THESE 10 BENJAMIN FEATURES ASSURE BETTER 
LIGHTING OF DUSTY OR MOIST LOCATIONS 


J A Double-Strength Grade “A” Clear Glass Cover 
also available with heat and impact-resisting glass. 

© High Light Ovtpet —Twin-Lomp Units have an 
efficiency of 67% or more of the ovtput of the 
lamps; Triple-Lamp Units 61% or more 

3 Porcelain Enamel on al! inner reflecting sur- 
faces, combining a high reflection factor of 82% 
with oa high diffusion factor 

@ Dust-and-Vapeor-Tight Seal formed by wire 
reinforced woven asbestos gosket 

5 “Sealed Bead” Construction, which resists rust 
and corrosion 

6 One-Piece Steel Construction, completely cov- 
ered with easy-to-cleon Porcelain Enamel 

7 Self-adjusting, hand-operated “Lek-Letch” 
Fasteners, which permit easy removol of the 
reflector plote. 

J Exclusive, unbreckable “Spring-Lex” Lamp- 
holders, which facilitate relomping and lock lamps 
into position. 

O Three Spring Tension Clamps, which allow 
easy opening of the cover 

/O Removable Reflector Plate, which makes pos 
sible easy occess to 
control equipment 
ond wiring 
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“Sealed-Fio 40” Fluorescent Lighting Units are designed to 
solve the problem of how to provide modern lighting in loca- 
tions where conventional-type fluorescent units do not meet with 
Underwriters’ Laboratories approval. To these many locations in 
industry where atmospheric conditions are adverse or hazardous, 
“Sealed-Flo 40” Twin-Lamp and Triple-Lamp Units bring the full 
benefits of modern fluorescent lighting. 


Under such severe operating conditions “Sealed-Flo 40” Units 
function at peak efficiency and at minimum operating and main- 
tenance cost. Important to such performance is the “One-Piece” 
construction with an over-all protective coating of durable, easily 
cleaned Benjamin “Life-Time” Porcelain Enamel. 


“Sealed-Flo 40” Units satisfy all requirements of Underwriters’ 
Laboratories for installation in Classes II, III, and IV hazardous 
locations. Such locations may be found in flour and feed mills, 
grain elevators, coal chutes, cotton gins, wood-working plants, 
warehouses storing baled waste, cocoa fibre, Spanish moss, etc., 
as well as all departments where combustible dusts may create 
fire or explosion hazards and where maintenance due to dirt 
and vapor is a problem. “Sealed-Flo 40” Units are also rated as 
Vapor-Tight by Underwriters’ Laboratories. 


BENJAMIN ELECTRIC MFG. CO., Dept. |. Des Plaines, Illinois 


BENJAMIN 
Lighting Egucprccnl 


Distributed Exclusively Through Electrical Wholesalers 
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Westinghouse 


. ss 


The Warchanlser 


helps turn “lookers” 
into “buyers” 


An unobtrusive lighting system is needed by 
Specialty and High-Fashion Shops that show 
relatively littke merchandise without sales aid 
and advice. Florist and jewelry store lighting, for 
example, should not only blend with the tone and 
architecture of the shop, but also provide a 
cheerful, planned level of pleasant illumination 
. . . one that adds subtle “selling” beauty to 
“shown” merchandise. . 

Planned Lighting with the “Merchandiser” 
answers all these requirements. In addition, 
“Merchandiser” spotlights attract attention to 
featured merchandise. Models, mannequins, 
jewels and flowers—all look more attractive, 
more convincing when displayed with high 
lights and shadows. 

Call your local Westinghouse Sales Engineer. 
He will gladly co-operate with you, your local 
power company, architect and electrical con- 
tractor in planning your store lighting. Send 
today for your free copy of “Smart Selling 
Starts with Planned Lighting”, Booklet B-4076. 
Westinghouse Electric Corporation, P. O. Box 
868, Pittsburgh 30, Penna. j-04218 


In Floral Shops *‘Merchandisers” provide unobtrusive 
lighting that matches the tone and character of the 
shop—meets the planned level of illumination desired. 


Westinghouse 


PLANNED LIGHTING 
PAYS 





Little Red Schoolhouse that’s Easy on the Eyes 
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- THE KALER SCHOOL, SOUTH PORTLAND, MAINE 


Architect John Calvin Stevens + Lighting Engineer, Norman 
> far better chance, thanks to this well-designed lighting F. Ross, Central Maine Power Co. + Lighting Equipment 


» fintures ore arranged in two continuous rows of Litecontrol No. 4124 





amp louvered fiatwe-+lamps 4 
features that mean easy Wort 35 white + Toto 


nm at desk rong. even ond without glore 


Wattage: 1200 + Watts per 


and better mark Savore Foot: |.4 + Footcandies: 45 Initially 


And once installed the scurdy 


construction in- 
sures more vears of service 

Specialists in better lighting, Litecontrol 
engineers are source of new ideas 
Thev Il be glad to help vou with advice or com 
plete lighting layouts 


.-. with LITECONTROL FIXTURE NO. 4124 


—- =—_ 
Cet. No. | Lemps | Length | Width | Weight 
4124 2-40w ae 12 54” 


Adjvstable spotlight No. 4100-22 available for we in continuous runs for either 
surtoce of pendant mounting. No. SC-! Double Pendant, 24" stems, No. P-! Single 
Pendant, 24° stem il 


LITECONTROL CORPORATION Sta COMA CEL 
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here’s the Curtis Trio 





CATALOG 7502-CLH 

















-Lifer” provides unexcelled general illumination ... if has sparkle and efficiency 
Mlumination (washes the walls with light) ... and it is designed for low-cost 
mance. @ If ufilizes the excellent characteristics of the new 75-watt, T-12, 96-inch 
tures insfanf starting . . . more lumens per foot of lamp, and 96 inches of un- 
aire. @ Plastic side panels, achieve a pleasing low-brighinmess effect while 
on fo vertical surfaces such as shelves, counters, mannequins, efc. « Amer- 

iggest lighting market... get your share with the Curtis ‘Store-Liter’ 





CATALOG No. 53-A 


Curtis “Wall-Strip”. using one 40-watt T-12, 48 in. 
fluorescent lamp. is particularly recommended 
for illuminating shelves, wall cases, etc. It also 
directs a portion of the light to the ceiling, where 
it is diffused into the sales area. Can be mounted 
to the wall at any desired distance from the ceil- 
ing. either as individual! units or continuous lines. 
Easy. quick installation and maintenance 






CATALOG No. 2240 


A small, highly practical downlight, utilizing one 
side-prong PAR-38, 150-watt projector flood or 
spot lamp. Lamp can be adjusted, from the floos, 
to any angle 0° to 35° from vertical and 0° to 
360° horizontal. Provides punch lighting for coun- 
ters, show cases, mannequins, and other areas 
where “Attraction Zone” lighting will give maxi- 
mum sales appeal to merchandise. 


URTIS LIGHTING. NO eee 


6135 WEST 65th STREET, CHICAGO 38, ILLINOIS 
CHICAGO. .TORONTO..NEW YORK 
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HOME LIGHTING, Recommended Practice, June 1945 
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CHOOL LIGHTING, American Standard Practice, September 1948 

JHTING. PRACT? CES FOR STORES AND UTHER MERCHANDISING AREAS, June 1948 
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Studies of Lighting and Seeing 
for the Student at Home 


By MARY E. WEBBER 


URING the greater portion of the school This paper analyzes the lighting results ob- 

vear, homework must be done under arti tained from twenty representative luminaires 

ficial lighting. Homework is often required that are popularly advocated and used for home 

at eighth grade and even earlier; hours of home study. Photographs show the luminaires tested 
study increase as educational level progresses. Ac in identical settings, and give luminaire dimen- 
cording to statisties, a marked increase in the num sions, spacing from test plane, and the bright- 
bers of nearsighted students is indicated.’ Study ness values of luminaire, test plane, and visual 
hours involve critical eve work, fixed position, and field. The comparative test data and comments 
mental attentiveness. The eye-use, posture, and presented reveal inadequacies too often over 
mental habits formed in this learning period have looked, as well as the characteristics which con- 
an influence throughout a lifetime. <A simple, tribute to comfortable lighting. By discussion 
planned study center that provides the best pos- of desk placement, size, and finish, and the stu- 
sible lighting for the eves’ needs, the most com dents’ eye position, emphasis is given to their 
fortable posture, and the least visual and mental importance in lighting for ultimate satisfaction 
distraction is of utmost importance and eyesight conservation. The tests applied in 
To date, only one directly-measurable element of every case suggest a pattern for complete and 

a study center—dquantity of light—has been estab standardized evaluation of a luminaire’s ability 
lished in the ‘‘Recommended Practice of Home to supply the most favorable lighting for study 


in homes and student dwellings. 


Lighting.’”= Other elements are hence subject to 
studies such as are set forth in this paper in order 
to arrive at sound evaluation and more complete 
recommendation 

(ver fifteen vears ago the Society recognized the 
need for specific attention to the study problem. As 
a result of committee investigation, specifications 
were prepared covering lighting performance quali 
ties, and the first certified study lamp was intro- 
duced in 1934.8 Experience indicated that it was a 
fine first step in meeting the problem. Perhaps the 
model was incorrectly interpreted as the only size 
and shape possible for satisfactory results. Since 
then the philosophy and standards of good light- 
Ing requirements and seeing conditions have pro- 
eressed with study, experiments, and knowledge 
These newer standards now need practical appli- 
cation to the study center 

Ilome survey? and experienced observation re 
veal glaring inadequacies in even the basic requisite 
of lighting for study. Many students are able to 


attain but small fractions of the recommended 





amount due to the very low wattage prevalent in 


luminaires used for study. Many students, too, use 


Figure 1. Good lighting and those other important fac 
tors—student eye position, desk finish and placement, and 
book angle—are correctly interrelated in this planned 
study center. The wall tackboard is an important element 
of the visual environment planned for student comfort ‘ Binctric ¢ Nela Park. Cleveland. Ohic 


the kitchen, dining, or card table. In dormitory 


and student dwelling room there is at least provi 
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Figure 2. Position of test plane on desks and location of 
light meter cell on test plane. Scaled for 24° x 46” desk 


hair, but the orm only 


lominant element in study and 


and attitude® as well as on 
vhting must start with 


d eonditions, whiel 


Desk Placement 


avainst a wall was 
diffu 
lial 

nown boundaries 


student and 


taking advaltave 
walls pro ides 
orner placement ts 


is in the left wall 


sel te 


iften applicabl 


poses SOLE 


! 
distraction 
brightness 


now 


desirabl ane 
y studv hours 
~ similar Te 
a window Day 
distracting and sk 


the sticient tool 





rect window shade treatment is required to con 
ceal its night blackness 

The character of wall treatment is obviously of 
great importance in the selected flat-against-wall 
It should be non-glossv and reflect 


A bold, 


pattern is distracting 


desk placement 
light generously in the order of 45 to 65% 
high contrast, or ** busy 

and often reduces the walls’ light reflectance. Con 
an absolutely plain finish allows no satis 
fving detail for eve When wall finish ts 
unsuitable, a framed tackboard hung from the cor 
Celotex is 


versely 


Pocus 


nice over the desk is a practical solution 
inexpensive, has texture and visual interest, and 
has a reflection factor of about 65° Its dimen 
sion should be related to the desk size—in general 
x 42" (Fig. 1 It also offers a 


means of hanging light-weight wall luminaires in 


approximately 36° 
those rooms where “‘house rules’ forbid attaching 


anvthing directly to walls 
Desk Finish and Size 


\ desk top finish of flat. non-glossy paint. 35% 


R.F.. was selected for the tests. Blonde desks. cur 


Figure 3. Sketches of the relaxing zone view of the wall 
and projected outline of the luminaire. The grid lines on 
the wall are 6” apart and the circle represents the relax 
ing zone (30 in ali directions from the line of sight). 
From the lamp shade at the left lines curving away out- 
line the characteristic pattern of shadow and brightness 
as indicated by the footlambert values. Top sketch rep 
resents Test No. 10, for example: lower sketch, Test No. 11. 
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With desk 


it is impossible 


rently popular, fulfill these requirements 


tops of dark finish (less than 25 
to avoid distracting brightness difference between 
the lighted task and its background. Glossy finisties 
reflect bright portions of the luminaire annoyingly 
Old desks may be painted or covered with Jaspe 
linoleum,* already widely used on office desks. For 
mahogany, walnut or glossy desk tops, large pastel 
blotters should cover the ‘‘ working’ area of the 
desk top 

The author chose three desk sizes for study a)" 
x $8", 24" x 46”, and 30° x 50”, each 30” high. The 
small size allows insufficient space for study equip 
ment, and it forces the student to sit closer to the 
wall than is felt desirable. The largest size is ideal 
in the two respects mentioned, but the large wall 
and desk area are less easy to light with conven 
tional units. Great numbers of desks in the medium 
size are in use Hence many of the tests were of 
luminaires suited to and used on this desk size 

In general flat top desks are preferred for ex 
tended study use. The drop-shelf types provide 
They 


Unless light in finish, the upper see 


very small working area usually require 
floor lamps 
tion, directly ahead of the student, presents an un- 
desirable dark area in distracting contrast to task 
brightness 


Student Eye Position 


An eye position of 44” above the floor—14” above 
the 30" desk top 


minimum for obtaining normal distance 


was selected. This represents a 
het ween 
eves and reading material. Home desks and chairs, 
standard at 30” and 18” heights respectively, are 
designed for adult proportions. The voung or small 


statured student see Table I is forved to use 


chair cushions to locate the eves sufficiently above 
the desk top to obtain normal distance between eves 
and task 

The eves of adults, seated in erect position on a 
chair 18” high, 


Hlowever, measure of eve 


are more than 44” above the floor 
positions when persons 
are studying in a relaxed position indicates that the 
44” eve 


eourse ¢ xeeptions 


position is representative. There are of 
Eves at higher positions than 
selected will experience no negative reaction to lu 
minaires designed or placed for the selected eve 


 ttetinnend sk Ca. Lancaster. } 
TABLE I 


Eye Level When Seated Upright on Eighteen-inch Chair 


Grede vir vur High School Adult 


May 1949 
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Figure 4. The curve” (see References) shows the decrease 
in brightness contrast per cent in areas of specular reflec- 
tion when light source brightness (footlamberts) is great 
compared to incident illumination (footcandles). 


position. Eyes at lower positions do, however, ex- 
perience such negative reaction, and chair cushions 
or more erect posture becomes essential 

Eve position is important not only in relation to 
visual task but also to luminaire. It is a controlling 
factor in the height of the lower edge of the lumi- 
naire. When the distance between a 30” desk top 
and the lower edge of the luminaire is more than 
15”, the eves at the selected 44” position see into 
the luminaire. The resulting brightness is annoy- 


ingly high and generally distracting 


Selection and Placement of Luminaires 


Representative portable lamps of floor, table, 
and wall types were selected with special reference 
to their popular use, promotion, or suitability for 
study desks. Ceiling or built-in luminaires are 
omitted because of their infrequent use in homes 
Many 


design makes them incapable of providing the rec- 


portable types were omitted because their 


ommended average level of 40 footeandles.' 

One lamp that utilizes an incandescent filament 
inside-frosted lamp without a diffusing bowl is in 
cluded to point up the shortcomings of this type 

see Test No. 6 


fluorescent tube requires no additional diffusion 


The relatively low brightness 


Placement of the luminaire with respect to the 
test plane is shown on each photograph. Conven 
tional table types are located at the left side. Place 
ment at the right is correct for left-handed per 
sons. Table lamp types were placed halfway be 
tween the front and back edges of the desk and at 
the distance noted on the photographs between the 
vertical axis of the lamp bulb and the desk center 
Keeping the vertical axis of the lamp in line with 
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the te ane center rather than the desk centet luminous shades, average brightness was caleulated 
would be more advantageous but not as balanced from footeandle readings taken at 10 feet in a 
In appearance a oo Inanyv times in practice the black room 

lamp is placed as tf o the side of the desk as pos 

sible. This placen disadvantageous because Illumination Measurements 


on the , ' 
' Five illumination readings were taken on the 


horizontal and tilted test planes with the cell placed 


or placement , > PB 


as shown in Fig. 2 ause of the thickness of the 


designatec S 
nated di light-sensitive cell, the luminaire was blocked up 


worizont . 
hor ntal to preserve the correct distance between light source 


est plane 


and plane of measurement 

Test Procedure In order to obtain the ratio of direct and indirect 
illumination, two additional series of illumination 

measurements were mac With the top and out 
side of the luminaire covered with black cloth and 

with black cardboard covering the walls, the illu 

mination from the light source and inner reflecting 

shade was obtained. This value sub 

total illumination, including up 

transmitted light, and light reflected 

the wall and ceiling supplies the ‘indirect 

illumination’ value. The ratio of 85:15 for exan 

ple indicates 85 parts of direct illumination and 15 

parts of indirect illumination. The data are re 

ported in the photograph captions as the ratio of 

direct to indirect illumination and serve as one 
) ditt 


indication o ision and comfort of the lighting 


provided 


Measurements of Brightness of 
Work Surroundings and Luminaire 


The visual field within which brightness ratios 
have the greatest bearing on comfort has been es 
tablished'* as having an extent of approximately 


(0) in all directions from the line of sight. While 





Figure Left, experimental handmade model designed as a suggestion for possible restyling and commercial develop 
ment. A minimum of 22” between sockets is recommended, with a height of 15” from desk top to lower edge of shade, 6 
diffusing bowls. translucent shades, and two 100-watt lamps. At right is shown suggested design for two 20-watt (or 15 
watt) fluorescent lamps, using plastic top and bottom shielding and adjustable arms Adjustable for height and for dis 
tance from wall, the suggested model could be developed for either hanging on the wall or for desk placement 
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Test No. (1) Left. Simple shielded fluorescent lamp (centered 6” out from wall) produces fairly even illumination on 
test plane and satisfactory wall brightness pattern. Distraction effect of opaque shield is not marked due to its narrow- 
ness and light finish. Specular reflection in narrow band across upper section of test plane not too serious due to low 


brightness source. It may be completely avoided by holding book in desk center at 40 
relative increase in lamp position out from wall, maintaining the same relationship of lamp to plane center. 


tilt. Deeper desks would require 
Models 


using longer lamps obviously provide more uniform coverage for desks of greater left-to-right dimension. Decorated white 
metal shield covers white ename! channel and 20-watt fluorescent lamp; 30-47 ft-c, average 40. Source brightness: 1900 
ft-L; ratio direct to indirect illum.: 80:20. 


reading, this ineludes the work and its Immediate 
background. While the eves are raised in an atti 
tude of relaxation and rest, it includes the wall 
ahead of the student as the principal area. These 
two defined areas are referred to as the reading 
zone and the relaxing zone. The reading zone con 
sists of only two surfaces, the reading matter and 
the desk top. These being of known reflectance 
their brightnesses are cal ulated directly from illu 
mination values 

The brightnesses of the relaxing zone were re 
orded in the laborator\ test data in the form of a 
sketch of the eve’s view of the entire scene The 
erid of lines on the wall served admirably in de 
lineating the bright and dark areas, as well as in 
sketching the apparent size and shape of that part 
of the luminaire falling within the 30. visual field 


In Fig. 3 are shown sample sketches indicating how 


representative brightness readings were spotted 


around in the field 

From the standpoint of comfort or discomfort 
during a period of relaxation, it is believed that the 
eves are influenced largely by the average bright 
ness effect of masses. Accordingly the brightness of 
areas is considered as the average of several read 
ings, rather than as a minimum or maximum 

The system based on prescribed eye zones for 
computing permissible luminaire brightness set 
forth in the ‘‘Lighting Performance Recommenda 
tions for Portable and Installed Residence Lumi 
naires’ was not utilized. It pertains to a more 
casual view of the luminaire in a room than ob 
tains in the present problem. Consideration of the 
viewing positions specified in the ‘*Lighting Per 
formance Recommendations “are of secondary 
importance to that of first establishing satisfactory 


seeing conditions for the student only. The direct 


may 1949 


Test No. (2) Center. Shade size and vertical distance 
from desk top to lower shade edge approaches the mini 
mum for acceptable test plane lighting even for very 
small desks. Raising the shade 1” and using more flaring 
shade reduces the ft-c variation on the test plane. Opaque 
shade creates a distracting dark area on wall (55% R.F.) 
requiring additional 10 ft-c from other light sources to 
effect ratios approaching 3 to 1. Unavoidable sheen in 
small area (11 sq. in.), lower left test plane. Dark green 
metal shade, white interior, 6” glass waffle pattern bowl; 
100-w lamp; 21-60 ft-c, average 40. Source brightness: 
2300 ft-L; ratio direct to indirect illum.: 87:13. 


Test No. (3) Right. Luminaire design provides effective 
spread of direct light over test plane on small desk. Mov- 
ing the luminaire 3” to left away from test plane causes 
marked change in lighting uniformity. At least 15 ft-c 
applied to wall are desirable to reduce the trying ex- 
tremes of light and dark areas on the wall. Potential 
specular difficulties, serious in reducing print visibility in 
a small area of test plane, arise from the 8000 ft-L image 
of lamp in the under side of the reflector. Light gray 
base; bronze flat reflector, interior aluminum; 100-w lamp 
inset in metal husk completely shielded from test plane; 
36-58 ft-c, average 49. Ratio direct to indirect illum.: 93:7. 


viewing brightness limit index must be lower than 
that permitted for the nearest applicable eye po- 
sition, Zone B, because the students’ eyes are about 
one foot from the luminaire instead of the three 
feet noted for Zone B. One computation, made for 
Test 11, as preseribed in the ‘*Lighting Perform 
* at the three-foot po- 


sition, gave an index value of 300. For equal areas 


ance Recommendations 


of shades this represents one third of the bright- 
ness allowed 
Measurements Referring 
to Specular Reflection 


Re placing the test plane with a 12” x 14” mirror, 
the boundaries of the reflected image of the lumi- 
naire as seen from the fixed eye position were trans- 
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Test No. (4) Left. A longer support arm and a deeper shade of 
larger diameter required to improve ft-c distribution on test plane and to 
reduce high wall brightness above and below shade. Luminaire cannot be 
hung nearer desk center without increasing area of already serious specu- 
lar reflection, due to light-source brightness. Over 15 ft-c needed to adjust 
uneven wall brightness pattern created by opaque shade. Medium green 
opaque shade; 150-w R-40 white indirect-lite; 30-115 ft-c, average 66 
Source brightness: 4500 ft-L; ratio direct to indirect illum.: 85:15. 


Test No. (5) Left. Height of luminaire and light output of lamp prove 
too low to illuminate test plane with desirable uniformity, even when 
base is placed this near to test plane. Sharp light cut-off offers very try 
ing extremes in brightness directly in front of user. The addition of 20 
ft-c on the upper wall is needed to increase its brightness to about one 
third that of test plane. Interior of reflector has low brightness so that 
area of specular reflection is small but impossible to avoid without serious 
loss of book illumination. Dark gray finish, semi-circular reflector; in- 
terior aluminum, 18-w half-circle fluorescent lamp; 27-70 ft-c, average 45. 
Source brightness: 2200 ft-L; ratio direct to indirect illum.: 93:7. 


SeeCTUS questionable whether the applic ation ot pres 


point ot ent polarizing materials for the conditions involved 


cular reflee- here is justified 


Interpretation of Test Data 


lootcan 
deter In the present study, the author does not attempt 
bright to completely appraise the individual luminaires 
and inner reflecting tested but to emphasize points affecting their light 
rror and averaged ing performance. Interpretation of the caption 
ked against limiting comments accompanying the photographs may be 
given footeandles aided by a review of those considerations and ob 

jectives which wuided the author’s conclusions 

eeded by four of 


and 11 


ified print and pa The recommended illumination for study an 


Illumination Level and Distribution 


4 for each luminaire f 40 footeandles Was attained on the 
ious computations and horizontal test plane with the majority of lumi 
y the order of naires tested and was exceeded by several. Any 
the ratio of commonly used luminaire not included would fail 
reases, On this on this point 
low with a Average footeandles for the tilted position are 
print and net reported because of marked loss in footcandles 
or inerease in footcandle variation across the page 
applied in two tests The tallest table lamp, the floor lamp, and lumi 


eir effeets in reduction naires place direc thy over the work center exhibited 


ind total footeandles. These the more favorable illumination in the tilted plane 


vithin certain angles which Tests 9, 16, 7, and 18 If books are pushed back 
sent in all situations Ohut from the specified location there Is improvement of 


illumination level and smoothness. Some text books 


elimination of specular re 
In the specific tests are smaller than the test plane and thus would be 
reduced but the less subject to the extremes in licht level noted 


It Reading matter can be propped up on a single book 
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without much sacrifice in illumination, and with Brightness of Work 
some improvement in visual size of the print Surroundings and Luminaire 


Varik , ‘ootes » ) the test lane as on p< s : 
iriation in footeandles on th — The recommended ratio of 3 to 15 between visual 


sumes considerable importance in study lighting, ; : lo ff 
: task and surroundings seems to be suitable for 


mphasizing that there is 1 uch thing as ‘‘even “- 
emphasizi 1 =e Se om - study situations. The test and observation period 


lizghting over the work surface.’’ A variation from o- 
with each luminaire was extensive, Those situa 


maximum to minimum of not over 2 to 1 is pre , 
tions to which reaction was immediately favorable 


ferred, and in the author's opinion the low reading 
proved upon measurement to be those in which 


should not be less than one-third of the high read . 
on brightness-ratios were substantially in the order of 
ing. Typical variations in actual practice far ex sto } 
} to 

to 1. In too many instances, a substantial ' 

iriv OSS-Te , } * reading ‘are withil 
portion of the test plane is lighted with less than Brightn ratios for the readin ee" - _ 
hese s » 35% SK reflect: ee 
10 footeandles. Greater design attention to light these limits with the 3o de sk cop remectanes ox 
cept when the test plane illumination varies more 


center position, position of lower edge of shade 


thé 3 to 
and shade characteristics would greatly improve han 3 to 1 
The varied distribution characteristics of the lu 


1” 


uniformity of light spread Even when these fa 


tors are correctly adjusted, the luminaire placement minaires tested provide great variety of brightness- 
with respeet to desk or work center is eritieal, A ratio in the relaxing zone. With increase in indi- 
distance of 15” from lamp axis to work center rep rect illumination there is an improved brightness 
resents the practical maximum pattern, and luminaires that use luminous shades 
Although illumination of test plane is of first exhibit the most favorable. result 
importance, light should not be confined to this The brightness of luminous shades should also be 
area. A student also needs lighted space for extra within a 3 to 1 ratio to both wall and task bright 
books and notes for readv and easy reference. Lu ness. For the 40 footcandle illumination level, the 
minaires in Tests 2. 3,5, 6, and 17 were particular] author felt that outer shade brightness, relatively 
disappointing in this respect uniform, should not exceed 100 footlamberts for 
The best distribution of illumination over the omfort. A relatively small area of the luminaire 
desk top Is found with the use of two luminaires or shade is in the relaxing zone when the students’ 


one of lineal dimension placed over the desk center eves are straight ahead. When luminaire bright 


Test No. (6) Left. Luminaire presents difficulties in satisfactory placement and inherent design obstacles to comfortable 

study use. As shown, test plane illumination has poor uniformity, impossible to correct without increasing already seri 

ous shadow, harshness, and potential specular reflection. Area of specular reflection from the very bright bulb is small, 

but the resultant “shine” is sufficient to cause disappearance of print of some ordinary magazines. Additional 20 ft-c on 

wall required to adjust excessive brightness-ratios. Light-gray reflector, inside painted white, completely shielding 

60-w lamp from eyes but not from test plane; 36-145 ft-c, average 78. Source brightness: 50,000 ft-L; ratio direct to 
indirect illum.: 90:10. 


Test No. (7) Center. Adjustable reflector is positioned toward front side of desk and tipped up toward wall 30° to 
reduce area of possible specular reflection and to increase lighted area of wall. A high reflectance exterior finish of 
reflector would greatly lessen the annoying feeling that it is an obstruction (large in visual size as reader looks up from 
work). Narrow band of specular reflection across front section of test plane, avoided when book tilted about 50°. About 
8 ft-c additional light needed to increase upper wall brightness. Bronze outer finish, interior white enamel; two 15-w T-8 
fluorescent lamps; 72-94 ft-c, average 80. Source brightness: 2500 ft-L; ratio direct to indirect illum.: 95:5 


Test No. (8) Right. One-inch decrease in base height would eliminate distracting view of inner reflector surface. Basc 

position 2” closer to desk center will improve poor test plane distribution, although 15 ft-c on wall needed to reduce 

sharp brightness difference in wall pattern. Unavoidable sheen in small area left edge of plane. Bronze outer finish, 

inside white enamel; 32-w circular fluorescent lamp; 20-74 ft-c, average 49. Source brightness: 2300 ft-L; ratio direct to 
indirect illum.: 94:6. 
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Test No. (9) Left. Base height allows a wide spread of light but with a 
lowered illumination level and with distracting view of wide band of 
inner shade. A three-inch decrease in height corrects these deficiencies 
and also results in a smaller area of specular reflection. A relatively 
large per cent of this area (23 sq. in.) reflects the inner shade at low 
brightness (av. 300 ft-L). Opaque shade produces large dark area on 
wall, relieved by adding 8 ft-c on wall. Tan opaque paper shade, white 
lined, on former certified I.E.S. specification study lamp; 100-w lamp in 
8” blown glass bowl; 22-42 ft-c, average 31. Source brightness: 1400 ft-L; 
ratio direct to indirect illum.: 85:15. 


Test No. (10) Left. Provides relatively uniform test plane illumination. 
Level of illumination may be increased by lowering socket two inches 
and shade edge one inch. Position of lower edge of shade allows view of 
inner shade (325 ft-L) from 44” eye position. Opaque shade creates dark 
»and on wall, requiring about 8 ft-c. to adjust brightness-ratio. Unavoid 
able specular reflection from 4500 ft-L source sufficient to reduce bright- 
ness contrast of print seriously. Medium reflectance opaque paper shade, 
white lined; 150-w R-40 white indirect-lite; 29-50 ft-c, average 38. Ratio 
direct to indirect illum.: 80:20 


Test No. (11) Below. Translucent shades of moderate brightness are very effective in “smoothing” the brightness pat- 
tern of the wall. Additional lighting not required. No improvement over Test No. (10) in potential specular reflection. 
Lamp brightness reflected in shiny base, Tests No. (10) and (11), 82 ft-L. Off-white silk shade; 150-w R-40 white indi- 


rect-lite; 26-53 ft-c, average 39. Ratio direct to indirect illum.: 80:20 


Test No. (12) Below, left. This certified lamp of similar scale to that in Test No. (10) shows marked improvement in 
ft-c level, although not in uniformity of test plane. Shape and opacity of shade unfortunate in reducing indirect illumi- 
nation on plane and in uneven brightness pattern on wall, need- 
ing over 10 ft-c additional to effect desired balance in wall area. 
The brightness of the bowl is roughly one-half that of the R-40 lamp, and 
its delivered ft-c at the point of specular reflection are greater so that its 
sheen does not reduce print visibility as seriously. Dark opaque paper 
shade, white lined; 50 150-w lamp in C.L.M.(C) glass; 28-81 ft-c, average 
52. Ratio direct to indirect illum.: 92:8 


Test No. (13) Below, right. Larger top dimension and luminosity of shade 
show marked improvement over Test Lamp No. (12) in ratio of indirect 
illumination on test plane, in ft-c variation on test plane, and in wall- 
brightness pattern. The loss of ft-c in comparison to lamp 12 would be 
less with a lighter-colored shade. It is desirable to hold shade brightness 
to within three times that of 
test plane. The taller CLM ta- 
ble model in same position gives 
better distribution, a slightly 
lower level of light, but its 
greater height reveals under- 
shade brightness to eyes at 44” 
above floor. Deep rose-biege silk 
shade, white lining; 50/150-w 
lamp in C.L.M.(C) glass; 27-61 
ft-c, average 42. Source bright- 
ness: 2250 ft-L; ratio direct to 
indirect illum.: 84:16. 
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ness is neither markedly greater nor less than the 
remainder of the field, it offers less attraction to 
pull the eves to look directly at the luminaire. If 
the inner surface of the luminaire shade is visible 
its streak of brightness can be most harsh, espe 
cially when the outer finish is dark. Design form 
and finish on luminaire bases should avoid the pos 
sibility of annoying reflection of the light source 

The brightness-ratios in the relaxing zone in 
crease with luminaires having opaque shades and 
become intolerable when there is very little up 
ward light. The easy prescription ‘‘use general 
lighting ’’ is not a remedy for the more extreme sit 
uations. There is need for a more realistic view 
point regarding the levels of general lighting now 
obtainable in residential rooms of even average size 
Larger-sealed ceiling luminaires with greater lumen 
output than are now generally in use, or even avail 
able, are required in order to obtain wall illumina 
tion above 10 or 12 footeandles. In the 12° x 12 
test room, for example, with higher than common 
reflection factors, a typical 150-w. silvered bow! 
adaptor in a central ceiling outlet supplies about & 
footeandles on the wall board located in front of 


the student 


Although lighting from other sources is always 


beneficial, a desk luminaire should and can, with 


the prescribed situation, provide substantially a 3 


to 1 brightness ratio in the most important visual 
field without the addition of other room lighting 
Tests No. 1. 11, 13. 15. 16, 19, and 20 Such a 
luminaire assures much better lighting for the vast 
majority of students who will not, do not, or may 


not be allowed to turn on other lighting in a room 
Control of Specular Reflection 


Every luminaire that was placed on or over a 
desk proved a possible source of specular reflection 
on the horizontal plane. When specular effect could 
be avoided by tilting the plane without undue loss 
of illumination, it is noted in the photograph cap 
tions 

As Test No. 1 proves, placing a luminaire direct- 
lv in front of the student need not of itself always 
be unsatisfactory. The important considerations are 
light source brightness, footcandles, the area of 
specular reflection and its location on the work 
plane 

Placing the luminaire at the side, contrary to 
frequent assertion, does not avoid all potential re- 


flected glare. It onlv reduces the area of luminaire 


Test No. (14) Below, left. Certified (C.L.M.) wall model provides less even test plane illumination and more extreme 


brightness-ratios on the wall, especially with dark opaque shade 


see Test No. (20). Ten ft-c additional needed on wall. 


Bracket cannot be hung closer to desk center without increasing unavoidable area of possible specular reflection (11 sq. 


in. left center). Center wall placement doubles the area of possible sheen. Dark opaque paper shade, white lined; 
150-w bulb in C.L.M.(B) glass bowl; 20-72 ft-c, average 41 


50- 


Source brightness: 2250 ft-L; ratio direct to indirect illum.: 


89:11. 


Test No. (15) Above, right. A pair of lamps obviously provides a more balanced illumination of desk and wall than a 
single table or wall model of the same type. Wall types free desk space and provide good distribution on desks 24” or 
less wide. Higher transmission shades will improve w-il pattern. although 
additional light from other sources not needed. Potntial specular reflec- 
tion in small areas on both sides of test plane. On 20” x 38” desks, book 
may be tilted to avoid specular reflection. The use of only one lamp, placed 
12” to left of test plane center, produces test plane variation of 4 to 1. 


Low transmission shades, light lined; 100-w lamps in 6” 


plastic bowls; 


30-54 ft-c, average 43. Source brightness: 2000 ft-L; ratio direct to indirect 


illum.: 83:17. 


Test No. (16) Below, right. A floor lamp presents difficulty in placing 
correctly near left shoulder because of such frequent necessity to move it. 
Placed more practically and permanently at desk left, shade height above 
desk too high for 44” eye position and test plane distribution poor. 


Placement shown requires 300 
watts for recommended test 
plane illumination—no specular 
reflection except in small area 
when book tilted. Luminous 
shade improves wall brightness 
materially. Medium reflectance 
opaque shade, fabric on paper, 
white lined, 100 /300-w. lamp in 
C.L.M.(A) glass; 37-70 ft-c, av- 
erage 46. Source brightness: 
2250 ft-L; ratio direct to indi- 
rect illum.: 80:20. 
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reflection. In order to eliminate it, the lamp has to always helpful in diminishing the ‘‘punch’’ of 

be so far to one side that the illumination is ina specular reflection 

eptably low; if the luminaire is pulled very close or 
; Visibilit v 

to the front. the annovance is decreased y Le el 

Most books and mavazines are far from flat. the Visibility level is one way of indicating" the 
suitability of the illumination for a seeing task 


surface wavers and presents various combinations 
of specular, spread and diffuse reflection. It will Visibility levels fall between 1 and 20, based on 


be evident that analvsis bv the use of the mirror visual size of the detail and correlated with con 
does not represent the complete situation as regards trast between it and its background, and the work 
a and brightness. When the specular area covers brightness. A visibility level of 1 represents barely 


small proportion of the lighted page, mod seeing. A visibility level of 20 does not necessarily 


hifting of the reading matter will often move mean that the visual task is twice as easy to per 


annoving glare awav from the center of atten form as it would be if its visibility level were 10 


Hloweve its presence is always annoying Table II sets forth visibility levels under various 

ntly it cannot be entirely avoided with typi amounts of light 
luminaires, but there is no justification in The Societv’s recommendation of 40 footeandles 
Inaires for source brightness that permits for study is based on practical attainment with 
in the brightness contrast of print present day luminaires. It represents a visibility 


rees and luminous areas is of 10 for S-point size type printed in good black ink 


Test No. (17) Top, left. Although scale of lamp suggests larger desks, its design and ineffective light spread require 

in-front placement annoyingly close to work center. Large area (30 sq. in.) of potential specular reflection and high 

brightness ratios are obstacles to comfort. Addition of 15 ft-c on wall will increase upper wall brightness to desired 

ratio with test plane. Bronze finish reflector, interior white enamel, curved stippled glass shield; two 15-w T-8 fluores 
cent; average 44. Source brightness: 2250 ft-L; ratio direct to indirect illum.: 95:5 


Test No. (18) Lower left. Lighting performance in general merits styling for home use. (See Fig. 5.) Shape of reflector 

permits hanging above view of student in reading position. Excellent distribution and favorable brightness pattern; bet 

ter when unit 20” out from wall. Etched plastic or glass bottom plate advisable to reduce annoyance of shiny papers, 

even though the specular reflection is not sufficient to lower visibility materially, due to low brightness light source and 

high ft-c. It can be completely avoided by tilting book 35 Medium gray metal asymmetric reflector with 1” slot cut in 

upper rear section for upward light, interior white enamel; two 20-w fluorescent; 55-101 ft-c, average 80. Source bright 
ness: 1900 ft-L; ratio direct to indirect illum.: 83:17. 


Test No. (19) Center. Shallow shades, possible with fluorescent lamps, reduce bulk of two table lamps. Lamp position, 
” above lower shade edge, cuts efficiency. Lowered 1'»”, illumination increases to 56-68, average 62. Higher transmis- 
sion shades and top-enclosing material desirable for more wall and upward light. Possible specular reflection at outer 
edges of test plane may be avoided by holding 50 tilted book at desk center. Shirred white fabric shades, obviously not 
supplied with bases, top enclosed with unlined stretched fabric; two 32-w 
circular fluorescent; 38-54 ft-c, average 44. Source brightness: 2050 ft-L; 

ratio direct and indirect illum.: 91:9 


Test No. (20) Right. A pair of Certified (C.L.M.) wall lamps with luminous 
shades provide brightness-ratios in good balance with favorable light distri- 
bution over entire desk top without additional lighting. Wide spacing mini 
mizes area of possible specular reflection of both sides of test plane. At shal- 
lower desks, specular reflection may be avoided by tilting book 50. White, 
low-transmission shades; 50/150-w lamps in C.L.M. (B) glass; 36-61 ft-c, aver 
age 48. Source brightness: 2250 ft-L; ratio direct and indirect illum.: 70:30. 

















ILLUMINATING ENGINEERING 





TABLE II 


Visibility Level of Printing Under Varying Iliumination 
(8-point Bodoni Type, 95% Brightness Contrast) 


Snellen Visual Rating 
Subnormal 
20 80 


Pootcandles 
on Type 


Normal 
20 20 


i 


20 40 


on white paper, representing maximum brightness 
contrast 

Details of the same size having only 50°. bright 
hess contrast, such as penciled notes on poor pape 
would have a visibility level of about 5 under the 
same lighting. This is equivalent to reading 6-point 
type, printed in black ink on white paper, typical 
of footnotes and the fine printing found on maps 
These visibility levels obtain only for normal evs 
sight, and their relative reduction for the student 
with subnormal vision is seen in Table II 

Because of the increasing attention being given 
to visibility levels, the author studied the range of 
levels 


visibility without specular retlection) for 


each luminaire. Thev indicate how well the foot 


andles provided by each are fitted to the studs 
task. All luminaires except Test No. 9 provide an 
average of approximately 40 footcandles or better 
better for 
However, in the case of Tests No, 2 


4. 5, 6, 8, 14, 16, and 17 there was a most und 


and thus a visibility level of 10° or 


S-pomnt type 


sirable change in visibility level from one section 
of the test plane to another due to non-uniformity 
In Test No. 8 


visibility level ranges from 6 to 17 (ft-e 20-74 


of illumination for example, th 

From the standpoint of vision, the seriousness of 
such marked change in visibility due to non-uni 
form lighting may be illustrated in a similar eve 
disturbing situation. With a uniformly illuminated 
book, the same change in visibility level as for 
Test No. 8 would be experienced if the type in one 
section of the page were 13-point size (as in a 
child’s story book) and graduated down across the 
page to 6-point size (smaller than newsprint For 
Test No. 19, on the other hand, the more uniform 
iumination (38 to 54 ft-c) results in a minor 
change in visibility level from 9.7 to 12.8, which 
would be equivalent to slightly less than two points 


in type size 
The Photographs 


The camera position and exposure were identical 


for every photograph. For a short period during 
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each exposure the light from a 150-w. silvered bowl 
lamp in a central ceiling outlet was added to help 
reveal wall detail. It is recognized that photo- 
graphie prints and halftones cannot reproduce the 
range of brightness seen by the eye. 

The figures on the photographs are footlambert 
values with the exception of those obviously de 
scribing luminaire dimension and position with re 
spect to desk center and test plane. The circle aids 
in visualizing the extent of the most important vis 
ual field of the student when the eyes are raised 
from the book for rest periods, averaged for slight 


differences in sitting positions 


Conclusions 


Ilome lighting techniques are being based more 
There is little 


need or excuse for continuing to fall back so often 


and more on technical knowledge 
upon generalities. Through failure to analyze the 
facts upon which they are based, generalities are 
often misinterpreted. Specific recommendations, 
not generalities, can greatly reduce the wide gap 
that exists between present home lighting practice 
and the fine results which are within reach 

As a starting point, therefore, the author has se 
lected the following basic guide posts from which 


vood solutions may be devised 


ognition of the need of ocation planned fo 


desk or ible pre 


with a d tinished top of 
blotters may cover the work area 
‘ositioning of eves should be at least 14” above the desk 
lesired distance to reading materia This requires 
1 to adjustment of chair height 
wement of the desk flat against a wall. This position 


wrhaps me me ide psychologically, but it pro 


controllable boundaries of the visual field 


dark or strongly patterned, a framed 


t.F. approximate 6” x 42” offers 


iminaires that 
ind preferably more) of the illu 

on on ea from the surroundings 

Utilize : flectance inner and outer surfaces of 
ides or shields. Luminous shades of parchment, plastic, 
fabric should not exceed 100 ft..L on the outside 

Supply at least 40 ft-¢ with no more than a three to one 
n light level over a 12” x 14” plane when the lumi 
s correetly placed. For standard desks and chairs and 
1 14” eve position above the desk, the lower edge of the 
shade must be no more than 15” above the desk 
d) Incorporate light source diffusion with a source bright 
less for the 


ness of no more than 2500 ft. L and preferably 


40 ft c¢ level 


Few of the luminaires included in this study 
meet these specifications completely, despite their 
careful selection as representative of the best the 
market offers. They by no means represent the 
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millions of lamps being purchased today for study 


Yet the millions of persons who attain the Ameri 

of education make the study situation a 
mportant and ever expanding problem 

, two experimental hand-made 

lamps which were developed 

as suggestions for tur 

ercial development. They 

wssibilities of higher quality lighting 

is provided by any single portable 

et As shown in the photo Fig 

base could, at low cost, sup 

d lighting of two lamps 

distance of 


model 


two ? 
ises plastic top and 
adjustable - heicht 
ler to place it 
uild be devel 


light 


and interpretation 
Phelps Meaket 
and editing 


or photograp!l 


bothersome 
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Design of Fluorescent Lamp Phosphors 


HE FLUORESCENT lamp industry is now 
ten vears old. Since its start, major improve- 

ments have been made in the overall process 
of manufacture. Advances in lamp processing have 
led to improved life and lumen maintenance and 
coating of cathodes have 
In the field of phos- 


limited, 


advances in design and 
led to greatly improved life 
phors, to which this paper will be there 
have been major advances in initial lumen output, 
in lumen maintenance, and in color control. These 
advances are due mainly to improvements in what 
we might term ‘‘the art of phosphor manufacture. ”’ 
It is undoubtedly true that the scientific approach 
to phosphors was limited by the impact of the war 
so that the art 


Within 


information 


on industrial research personnel 
progressed more rapidly than the science 
sufficient 


the past two Vears howeve r 


has been accumulated and sufficient investigations 
are underway so that we have a more scientific ap 
proach to the design of phosphors for specifie ap»li 
cations than was thought possible even five vears ago 

In the first fluorescent lamps, the phosphors used 
for white blends were limited to three components 
giving predominantly blue, green, and orange with 
variation being possible in the color*of 
As a 
the fluorescent lamps, while approaching a white, 
could be roughly. We 


-ontrol phosphor colors very pret isely by 


out any 
these three components result, the color of 


controlled only can now 
making 
minor variations in the spectral energy distribution 
of lamps. It will be shown that these minor varia 
tions within the spectral limits of 500 to 620 milli 
microns are the important factors in determining 
the apparent color of objects illuminated by any 


broad spectrum light source, except in the case of 


dark blues and purples 


Requirements of Fluorescent 
Lamp Phosphors 


One requirement of a satisfactory phosphor for 


lamps results from the severe expo 


tlhorescent 
sure to the effect of ultraviolet radiation of quite 
wavelengths and also to the effect of 


Ons 


short 


in the are stream. The phosphor must, therefore, 
sufficient 


effects 


withstand 
that the 


chemical stability to 


Another 


have 
these requirement 1s 
A pape erence of the II) 
minating Engineering Society, Bostor eptember 20-24, 1948 
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particle size be sufficiently fine to allow proper ad 
hesion of the powder to the bulb through the pro 
subsequent use of the 


manufacture and 


amp. A third important requirement 


he phosphor produce liaht of the desired 
I I 


roat extremely fri \ 


especially as 


lamp. <A 
lirect interest to the 


mpared to the incandescent fourth 
irement, which is of more 
is that 


> ultimate consumer 


Da | ‘ as low as 


Phosphors without Activators 
splors used in fluorescent lamps, 
spl or ‘ ‘ ‘ ther types 


» make the 


inlet and 

of this phos 

adding a 

ad, which e) e peak of 
distribution rom about 
ons to about 440 n ! rons r 


representative of this g 


S marth 
in tically all 
present tite 
distribution 


s predomi 


b these 

relative 

TI Pre spec 

er an extremely 
hat of magnesium 
700 millimicrons 


sharpl 


the ’ 
plotted 


Phosphors with Activators 


osphors I I il in 


fluorescent 
which siliet 
the metals in 
These plas 

have a relatively 
in solid solution 
ator to be useful 
type generally used 


equireme nts 


Phosphors 


It must absorb efficiently ultraviolet radiation of 254 


millimicrons. This second requirement is due to the use 


f mereury in the fluorescent lamp as the primary 


e light. It is 


the emitted light 1s 


a ivator and, while the 


irrow range of 


Thus, 


etivator 


elementary chemisty vears ago, it was taught 


that solids were composed of distinct molecules 


Thus common salt contained molecules of sodium 


chloride, in which the sodium ion was linked to the 


chloride ion by some bond and these mole 


type ol 


cules formed the solid. In this model the molecules 


were the fundamental unit. The modern investiga 


tions of ervstal structure b diffraction have 


ipset this simple picture cor ely. Instead of in 


dividual molecules forming the solid, we find a 


lattice 


three 


W hie h erat h 
linked 
chloride 


climensional structure in 


the sodium jtons ts surrounded by and 


six chloride ions, and similarly each 


sodium ions Crvstal 


s surrounded by six 


structure defines the number of sur 


terminology 


rounding ions as the coordination number of that 


wular bor for example sodium in sodiun 


chloride has a coordination number of six. Experi 


mental evidence is gradually accumulating to show 


that the coordination number of the manganese lon 


determines the location of the emission bands. In 


zine silieate the coordination number is four and 


the eTUISSION color Is green while in calcium sill 


eate the coordination number s eight and the 


lor an orange red 


@THISSION ¢ 


Manganese as an Activator 


Managanese is an activator fulfilling the stated 


requirements in many instances and so is very com 


monly used. Thus, zine orthosilicate can be readily 


activated by manganese and responds to 254 milli 
micron radiation with extremely high efficienes 
ertain extent on the 

With a low 


iency is low and then passes 


This efticiencey depends to a 
} 


amount of manganese present man 


content the eftic 


vanese 
through a maximum when the phosphor contains 


about .05 gram-atom of manganese for each gram 


mol of zine orthosiliceate. With this amount of man 


vanese. the color of light emitted is green and the 


emission band is extremelv narrow as is shown in 


Fig. 2. As the manganese content is increased above 
this optimum value, the efficiency drops off slowl 
and there is a very slight shift in color toward a 
vellowish green. However, the apparent color is still 


green and the shift can be detected only by careful 
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change the color in two ways: (1) 
by increasing the manganese and 
2) by increasing the beryllium con 
tent soth of these are limited by 
the solubility of manganese and 
beryllium in the zine orthosilicate 
lattice 
tuted for zine to the extent of 12 


Manganese can be _ substi- 


atom per cent and beryllium to 15 
atom per cent. The effect of increas 
ing either the manganese or the 
bers llium is to shift the color toward 


the red. A mathematical analysis of 





the emission curves has shown that 
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Figure 4. Effect of manganese conceatration on the spec 
tral energy distribution of calcium halophosphate. 


observation or n easurement 
The phosphor most commonly used at present in 


white fluorescent lamps is zine beryllium silicate 


with no beryllium present gives a 


rhe phosphor 
rather sharp emission band in the green. Whe 
bervilium is introduced as a replacement for part 
of the zine, forming a solid solution in the crystal 
lattice, the color gradualy shifts from a pure green 
through vellow to a deep orange as the amount of 
bervllium inereases, This shift in color has been the 


subject of considerable speculation and a new hy 


pothesis explaining the color variation in terms of 


energy levels of the manganese ion in the erystal 
lattice was presented a little over a year ago.' 

This theory suggests that the light emitted by the 
phosphor Is composed of seve ral superimposed 
bands and that each of these bands is due to a par- 
ticular energy transition within excited manganese 
ions in the lattice. The location of these emission 
bands is related to the energy levels of the free 
manganese ion, which are affected by the other ions 
surrounding it in the crystal lattice 

Beryllium is a metal occupying a very low posi 
tion in the periodic table. The atemic structure is 
very simple and the ion has a very small radius 
approximately 0.3 angstrom as compared to the 
ionie size of zine and manganese 
When this small 


ion is Introduced into the zine orthosilicate lattice 


more normal 


which are about 0.9 angstrom 


it causes a severe distortion of the electrical fields 
surrounding the various ions. As a result the 
probability of an excited manganese electron reach 
ing one of its higher energy levels is considerably 
the color of 


decreased. In reaching a lower level 


the emitted light becomes red rather than green 


In the zine bervllium silicates, it is possible to 
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the whole observed distribution can 
he explained by four or five separate 
bands, 


but superimposed emission 


ach of these bands* being associated with a par 
ticular excited state of the manganese ion.* The 
possible variation in color is indicated by the spec 


, 


tral energy distribution curves in Fig. 2 where 


Curve A is zine orthosilicate without beryllium 


and the other curves show increasing amounts of 


bervilinn 


Lead Activated Phosphors 


Another activator filling the requirements is lead 
and we have several examples of its use. Calcium 


silicate activated by lead is one of the most recent 


phosphors mentioned in the literature.*® It can be 


excited by 254 millimicron radiation and emits long 
wavelength ultraviolet radiation between 300 and 
100 millimicrons. The observed emission spectrum 
depends very considerably on the method of manu- 


facture of this phosphor and it was demonstrated 


plotted 
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Figure 5. Relative luminosity curve. 
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that there were three separate emis 
one peaked at 300 milli 


microns, another at 350, and a third 


sion bands 
at 3S4 Each of these was 
one particular erystal form « 

cium silicate—the first being due 
the high temperature or a-forn 
calcium metasilicate, the second 


ing due to the temperature ot 
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MILUIMICRONS 
Figure 7. Spacing of selected ordinates for the luminosity 
function. 
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Figure 6. Product of luminosity function and spectral 
energy distribution for incandescent and for warmtone 
fluorescent 


ent I imp Phosphors 


MILLIMICRONS 
Figure 8. Spectral reflectance of some inorganic pigments 


been «cdiscovered.? These include barium metasili 


cate, barium mesotrisilicate, and a third compound 
which is thought to be a double silicate of lead and 
barium 

The emission characteristics of all of these lead 
activated compounds is somewhat similar to that of 
the tungstates in that the emission covers a very 
wide range of wavelengths and if these emission 
curves are plotted on a frequency basis, it is found 
that the shape follows very closely that of the Gaus 
sian probability curve. It is known that the energy 
level picture of lead is quite simple and the emis 
sion data indicates only a single excited level is 
possible for the lead ions in these phosphors. The 
emission curves of some of these barium silicate 
hhosphors is shown in Fig. 3. The change in the 
ocation of the peak of the emission band is again 
felt to be due to variations in the coordination num- 
ber of the activator ion, but no crystal structure 


data are available to confirm this 
Double Activated Phosphors 


The fluorescent powders so far described have 
contained only a single activator which both ab- 
sorbs the incident 254 millimicron radiation and 
converts it to energy of longer wavelength. In re- 
cent vears, it has been found that certain com- 
pounds can be activated by a combination of two 
activators with the first activator serving to absorb 
the 254 radiation and the second governing the 
color of the emitting light. The outstanding exam- 
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ples of these are calcium silicate activated by a 


combination of lead and manganese'®*” and cal 
cium halo phosphate activated by a combination of 
antimony and manganese.’ A third powder men 
tioned recently is tricalcium phosphate, activated 
by a combination of cerium and manganese."' In 
these fluorescent powders, the primary activator 
absorbs the incident 254 radiation and may emit 
light without the second activator entering into the 
reaction. If, however, the concentration of the se 
ond activator is sufficiently high, the absorbed en 
ergy is transferred within the crystal from the first 
to the second activator and the color of the light is 
This ef 


fect is not readily recognized in the case of calcium 


then determined by this second activator 


activator emits near 
light. In 


the case of calcium halo phosphate, however, the 


silicate because the primary 


ultraviolet radiation rather than visibk 


effect is extremely striking and the color of these 
powders can be shifted from a bluish white through 
white to pale vellow or even to a deep orange, de 
pending mainly on the concentration of manganese 
present. The emission curves of some of these halo 


phosphate phosphors are shown in Fig. 4 


Phosphors Available for Lamps 


Table 1 lists the major phosphors available for 
use in fluorescent lamps together with the location 
of the peak of their spectral energy distribution 
and their apparent color in lamps 

It should be noted that the width of the spectral 
energy distribution varies, with the tungstates be 
ing extremely broad, the lead activated barium sili 
cates being only slightly less broad and most of the 
vellow and orange phosphors having rather broad 
distributions. In contrast, the spectral energy dis 
tribution of zine orthosilicate is extremely sharp 
With these phosphors we can form combinations 
having spectral energy distributions of almost any 
desired characteristics ranging from the relatively 
short ultraviolet through blue, green, yellow, orange 
and the near red. It is possible, therefore, to make 
fluorescent lamps in an infinite variety of hues and 
tints and this leads to the obvious question of 
standardization. What colors are desirable and how 
many should be made? 

The light to which we are most accustomed, both 
natural and artificial, is of one particular type 
This is scientifically described as a close approxi 
mation to black body radiation and the black body 
line on the LCI 
exact location of the particular color on the black 


color chart is well known. The 


body line is described simply by specifying the tem 
Thus, the or- 
dinary tungsten lamp has a temperature of 2700 

2900 


perature of the incandescent source 
: photoflood lamps about 3400°, noon sunlight 
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around 5500°, and north skylight about 10,000° K. 
It was natural, therefore, to use the black body 
curve as the first approximation to the desirable 
standard for fluorescent lamps. In this country we 
commonly use fluorescent lamps having color tem 
$500, and 6500°K, the last of 


these being called daylight 


peratures of 3500 
In European practice, 
it is rather common to use 5500 instead of 6500° as 
the approximation to daylight. Both of these colors 
are actually closer to sunlight in their spectral 
energy distribution than they are to true daylight 
as represented by light from the sky. The differ- 
ence between European and American practice may 
reflect the effect that a 
warmer than a 


peculiar psychological 
light 


cool or bluish light and since the European build- 


vellowish makes one feel 


ings are, in general, less well heated than American 
buildings, the warmer light is more appreciated 
The opposite trend, namely, the choice of a cool or 
bluish light, becomes marked as we approach the 
tropics Thus in Mexico the large demand is for 
6500° daylight fluorescent lamps in preference to 
300° white 

Not long after fluorescent lamps were introduced, 
the feminine touch was felt and objections were 
light because of its 


raised to this new form of 


effect on appearance. To meet these objections, soft 
white fluorescent lamps were introduced. This color 
is definitely off the black body radiation line toward 
the purple and we can class it either as a purple 
100° white or a pinkish 6500° daylight The 
same trend toward lamps with colors off the black 
body line is found in England where there is a 
to use colors appreciably off the black 
body line toward the purple, the deviation being 


tendency 


somewhat less than for soft white and the color 


temperatures being different 


Color Requirements of White Lamps 


The question has been frequently raised, ‘‘ What 


is the ideal white light An answer to this ques- 


TABLE 1 


Emission 
Peak, 
Milli- 

microns 


Dominant 
Color 
Appearance 


Phosphor Base Activator 


licate 
metasilicate 
ingstate 

tungstate 


tur 


halo phosphate 


lead silicate 
orthosilicate Manganese 

halo phosphat Antimony ar 

Manganese deep orange 

veryllium silicate 

metasilicate Lead and 

Manganese 
Cerium and Red 

Manganese 


Manganese Yellow to orange 


Orange 


im pl osph ate 
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tion depends mainly on whether any other liaht 


sources are present in the field of view. The eve de 


teets color differences effectively mostly by contrast 


ith other colors. So. when only one light source 


is present, this source can have any reasonable 


energy distribution covering the whole 


rum without it seeming unnatural as 
on 1 oncerned, since exact 
v fugitive thing. Color 


readily rememl 


vred and a source 
an unnatural rendition of certain 
irked olor ontrasts 


ideal light 
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Figure 9. Spectral energy distribution of incandescent 


and warmtone fluorescent with uniform wavelength scale 
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tors. The distinction should be made here between 
the direct viewing of two light sources side by side 
and the viewing of objects illuminated by these light 
sources. It is perfectly possible to have two sources 
of an entirely different spectral energy distribution 
which are a visual match, but when these two 
sources are used for illumination of colored objects 
they may make these objects look vastly different 
This difference will depend on the spectral energy 
light, the spectral reflectivity 


of the object. and the general location of the color 


distribution of the 


himinesityv curve 


with respect to the 


Evaluation of Lamps 


In the evaluation of light sources, it is particular 
ly important to take into account the variation ot 
Thus 


compared to 


the sensitivity of the eve to different colors 


blues and reds have low luminosit: 


that of greens and vellows. In the discussion of 


phosphors so far, spectral energy distribution 
irves have been drawn with a uniform wavelength 
We should now consider how these curves 
modified to take into account the luminosity 

curve, the shape of which is shown in Fig. 5. One 
way of ineluding this luminosity effect is to plot the 
product of the luminosity function and the spectral 
light 


heen done Fig 6 for the fluorescent light from 


energy distribution of the source, This has 


warmtone, (a ‘‘white’’ of approximately 30007 K 
neglecting the mercury lines, and for the light fron 
an incandescent lamp. In this figure the relative 
height of the ordinate at any given wavelength 
shows the effectiveness of the lamp at that parti u 
lar wavelength. It is fairly obvious that this way 
of plotting is difficult to interpret and we should, 
therefore, look for some other way of representing 
the facts so as to accentuate the differs nces and the 
similarities between the sources 

In determining x, y coordinates for the LC.1 
color diagram from the spectral energy distribution 
urves, the method of multiplying the three chro 

aticitvy functions bv the energy distribution is the 
well known weighted ordinate method and this is 
essentially the method used in setting up Fig. 6 
There is another method used in determining these 
coordinates, the so-called selected ordinate method 
where the observed energies at selected wavelengths 
These 
luminosity function are shown In Fig 
closely 
he spectrum where the eve is most sensitive and 
Actually, 


placed at calculated in 


are added selected ordinates for the y or 
7 and it will 
een that thev are spaced in the center 
apart at the ends of the spectrum 
the selected ordinates are 
tervals such that the product of the average lumi 
nositv between two suecessive ordinates multiplhed 


by the wavelength interval between the ordinates ts 
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always the same. So, for an equal energy source, 
the energy blocks contained between successive or 
dinates are of equal visual effectiveness 

Suppose we now place these selected ordinates at 
equal intervals and shift the wavelength scale to 
suit. Then we arrive at a wavelength scale which 
takes the luminosity function into account and 
using this scale the author has devised what might 
be called 
bringing out the differences or resemblances be 


‘‘visibility paper,’ which is useful in 


tween various light sources. The purpose of this 
visibility paper is to emphasize the regions of the 
spectrum having high luminosity by giving them 
the greatest area on the plotted chart of spectral 
energy distribution. This important region between 
520 and 600 millimicrons occupies the greater por 
tion of the chart. The regions from 470 to 520 and 
from 600 to 650 are appreciably compressed, while 
the extreme ends of the spectrum are greatly con 
pressed, Due to the method of shifting the wave 
length seale, equal areas on the paper represent 
quantities of radiation of equal visual effectiveness 
While this distortion may seem undesirable, a cor 
sideration of the characteristics of colored materials 
will show why it has certain definite advantages 
These are especially apparent when we deal with 
the pastel colors often used in interior decoration 

Returning for the moment to the simple form of 
uniform wavelength scale, the spectral reflectivity 
curves for some pigment colors are shown in Fig. 8 
We can see from these curves that most color dis 
tinctions are determined by changes in the amount 
of reflected light between 500 and 620 millimicrons 
Thus, the eurve for Lemon Chrome Yellow shows 
a greenish yellow, which reflects very little blue or 
blue-green light, reflects practically 100 per cent 
of the red light and shows a very sharp rise in the 
reflectivity near the green part of the spectrum 
This general form of curve with a sharp rise in 
reflectivity is characteristic of most  vellows 
oranges, and reds with the difference between then 
being the point at which the reflectivity starts to 
rise rapidly. This sharp rise in reflectivity means 
that variations in the light source will cause little 
change in appearance of the color. It is rather sur 
prising that practically all red pigments reflect the 
same amount of light bevond 640 millimicrons with 
the difference between a light red and a dark red 
being largely determined by the difference in re 
flectivity through the orange from 570 to 620 milli 
microns 

In contrast to this general type of reflectivity 
curve we have a different type for the blues and 
greens where the reflectivity is low through most of 
the spectrum and there is only a gradual change 


extending over a rather large range of wavelengths 
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This difference in the two general types of re- 
flectivity curve makes a difference in the behavior 
of colored materials under different light sources. 
lues and greens are more sensitive to the energy 
distribution of the light source than are yellows, 
oranges, and reds when the colors are saturated 
The situation changes when we have to deal with 
the unsaturated colors, that is, pastel shades formed 
by mixing white with the darker colors. In these 
light tints the reflectivity is more nearly constant 
through the whole spectrum and the apparent color 
even of yellows is considerably affected by the char 
With all of these colors. 
the region of the spectrum of major importance is 


acter of the light source 
that between 500 and 620 millimicrons. In the case 
of purples, violets, and dark blues, the fine dis 
tinctions between these particular shades depend 
on the extreme ends of the spectrum, since they 
reflect very little light between 500 and 620 milli 
microns. The common characteristic of these colors 
is the presence of a considerable degree of reflecting 
power for deep red light as well as for blue light, 
especially red bevond 640 millimicrons, and their 
appearance is determined by the relative amount of 
the red and blue components. Hence these colors 
ure very sensitive to the energy distribution of the 
light source and are a particularly difficult problem 
for fluorescent lighting 

To compare light sources and their ability to 
blend when used together and to give the same ren 
dition of colors, we can arrive at a general evalua 
tion by plotting the energy of one source relative 
to the other on ‘‘visibility paper.’’ If the curves 
are precisely parallel, the 
fectly 


sources will blend per 
If there is a deficiency at one side of the 
center line, it should be balanced by an equal de 
ficiency at approximately the same distance on the 
other side of the center line. Otherwise, the source 
itself will appear relatively off color and unsatu 
rated colors will appear to be distorted. If sources 
are to be used together, the first requisite is that 
the curves be nearly parallel on the visibility paper 


between 520-600 millimicrons. 


Combination of Fluorescent 
and Incandescent Lamps 


Until recently the warmest fluorescent “white” 
which did not 


light 


lamp available was the 3500°K, 


blend well with ordinary incandescent 


ing. It was commonly thought that this inability 
to blend was due to the deficiency of the fluores 


cent lamp in the red end of the spectrum and 
much time and effort has been spent in a search for 
new red phosphors. During the past two years the 


general principles of color control and color rendi- 
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tion described briefly in the previous section were 


With this new understanding of prin- 


ciples, it was possible to deve lop a new fluorescent 


evolve ad 


“white.” the light of which blends satisfactorily 
vith ineandescent illumination 

The most important factor in‘obtaining such a 
blend of 


have the 


fluorescent and incandescent lighting is to 
energy spectrum of the two sources ‘losely 
matched between 520 and 600 millimicrons A 


ight excess of the red region of the spectrum is 


Candlelight and fire light are still 


also desirable 
onsidered to be very flattering light sources due 
warmth and any differences between a new 
source and incandescent should there 
oward giving an excess of the 

» spectrum rather than 

ereens and blues 

ups have 

candescent lamps 

ple developed in 

balanced by 


cence | “ ame 


macnitude in the blue end of the spectrum 


920 millimierons 
s an extremely 


tron 


Figure 10. Spectral energy distribution of incandescent, 
4500 white fluorescent and warmtone fluorescent on visi 


bility paper. 


Phi sphors 


should be deliberately introduced for balance as 
well as for giving warmth to the light 

The mercury line at 438 millimicrons is by far 
the strongest visible line in its spectrum and this 


This block of 


energy occurs at the point where the incandescent 


makes a marked effect on color 
lamp is very low in energy and it, in comparison, 
introduces a strong excess of blue in the spectrum 
Since it is not possible to balance this excess by 
introducing a similar excess in the far red, the 
only other solution is to drop the fluorescent 
spectrum well down between 400 and 510 milli 
microns, so that the total energy up to 510 milli 
microns will be approximately the same for fluor 
escent and for incandescent light 

The spectral energy distribution of the recently 
introduced warmtone fluorescent lamp, which fol- 
lows the principles outlined above, is shown on a 
uniform wavelength scale in Fig. 9 in comparison 
with the energy distribution obtained from an in- 
candescent lamp. This lamp has color coordinates 
very close to the black body line on the I.C.1. chart, 
approximately at the 3000°K point 

In Fig. 9%, the energies of the mercury lines are 
shown as blocks of energy of 10 millimicrons width, 
one of the conventional ways of representing these 
energy 


monochromatic bits of Fig. 6 has already 


shown the produ t of the enerev distribution and 


the luminosity function, omitting the mereury line 
spectrum, for the same two sources 

A quick glance at either of these figures indicates 
a considerable difference between warmtone and 


incandescent light, but on closer examination it is 


seen that this difference is largely at the ends of the 


spectrum. If we plot the energy distribution on 


‘*visibility paper’’ the relatively close match in the 


visually effective middle portion of the spectrum 


becomes more readily apparent. This is seen in Fig 


10. showing the spectral energy distributions of 


incandeseent, 4500° white fluorescent and warm 


tone fluorescent To avoid confusion, the energy 


blocks representing the mercurv lines are shown 
only for warmtone The strong $235 line is roughly 


s] own as an enerey block on the iT ft hand side ol 
Fig. 10 


luminosity, 


Due to the location in the region of low 
it is difficult to give an accurate repre 
sentation of this line on visibility paper 

A comparison of warmtone with ineandescent 
shows the fluorescent energy spectrum to be quite 
incandescent spectrum 


With colored 


there is 


closely matched with the 
according to the principles outlined 
objects predominantly vellow or orange, 
a slight shift in apparent color toward the red as 
ompared to incandescent lighting 

In this figure. it will be seen that the fluorescent 
light from the 4500 white, compared to inecandes- 
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cent, is relatively lacking in orange and red and 
When the two 


sources are used to illuminate colored objects pre 


relatively high in blue and green 


dominantly yellow, orange, or red, the distribution 
of energy in the 4500° source tends to shift the 
apparent color of the objects toward the vellow or 
greenish yellow. If, however, we make a comparison 
with the equal energy spectrum, represented by the 
100 per cent line across the figure, it will be readily 
seen that the 4500 
mation to this distribution, with a deficiency at 480 


white is an excellent approxi- 


millimicrons to balance the strong blue line and the 
lack of red 

Thus, we can see that the light from 4500 
is a good match for daylight or sunlight, which 


white 


approach the equal energy spectrum, and_ will, 
therefore, give good color rendition for such com 
parisons. On the other hand, the light from warn 
tone fluorescent shows a good balancing of the 
energy distribution in comparison with incandes 
cent light, when we again take into consideration 
both the luminosity function and the mercury line 
spectrum. The overall balance is such that the two 
lamps viewed directly blend well, and, in addition, 
colors, white 


and grey, The balance 


through the region between 520 and 600 milli 


when used to illuminate the neutral 


are almost a perfect match 


microns is sufficiently good to avoid anv marked 


vellows oranges reds, and most 


distortion rt 


greens. The deficiency in the far end and the 
strong mercury blue line combine to cause appre 
This 


distortion is considerably less than will be noticed 


ciable distortion of deep blues and purples 


when the same colors are compared by skylight, by 
sunlight and by ineandescent light, as well as being 
far less than the distortion found with other fluores- 
cent lamps. Due to the necessity of lowering the 
fluorescent spectrum between 400 and 510 to bal- 
ance the blue mercury line, there will also be a 
slight distortion of certain pastel shades of blue 
green when compared with the results of incandes 
cent lighting 

In the 
developing a light to blend with incandescent light 


development of warmtone, the goal of 


was the objective with two secondary objects being 
kept in mind: (a) that human complexions should 
natural and (b) that merchandise viewed 
under the fluorescent lamp should closely approach 


seem 


the appearance the same merchandise would have 
when taken home bv the customer and viewed by 
incandescent light 

The major principle of color rendition, empha 
sized in the present paper, is that the spectral re 
gion between 520 and 600 millimicrons is the vitally 
important region 


With the fluorescent materials available at pres 
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ent, it is very easy to make minor changes in the 


fluorescent light emitted and it can be proved 
readily experimentally that such apparently minor 
changes affect the quality of the light greatly. If 


the amount of green is increased only slightly above 


that present in warmtone, the most striking effect 


is the sallow appearance of many human com 


plexions. On the other hand, if the amount of green 
is decreased slightly, many colors, notably yellows, 


lose their ‘‘snap’’ or ‘‘sparkle’’ and merchandise 


loses its sales appeal. Thus the balancing of the 
light emitted in the high luminosity 


major importance and this delicate balancing must 


region is of 


be carefully controlled by accurate measurements 


on the phosphors 


Future Developments 


The science of fluorescence is still only a husky 
vrowing child and major advances in our knowl 
edge of phosphors can be expected in the vears to 
come. With these advances in our fundamental 
knowledge we can expect further improvements in 
fluorescent lamps. Along with this basic technical 
development there is needed a corresponding de- 
velopment in the art and the science of color con- 
trol and color application. For the past fifty vears 
and more the only change in lighting readily avail- 
able to the illuminating engineer and to the interior 
decorator was a brightness change. Color differ- 
ences required the use of energy absorbing filters 
These filters did not give precise control and were 
for specialized 


With 


the coming of the fluorescent lamp, we have a new 


an expensive method feasible only 


applications, such as theatrical lighting 


tool, as the color of our lighting can be changed 
almost at will and certain portions of the spectrum 
can be emphasized or subdued. To make the great 
est use of this new ability an extensive research 
study will be required as well as a general recogni- 
tion of the fact that lighting is no longer shackled 
to the color of incandescent bodies 

If we succeed in this development, a wide ad 
vance in the application of fluorescent lamps, espe 
cially in home and store lighting, can be expected 
This advance can be hastened if the principles of 
color control are developed and applied to the de- 
velopment of new fluorescent lamps designed to suit 


the new applications 
Summary 


The developments in phosphors for fluorescent 
lamps during the past ten years are briefly re- 
viewed and it is indicated that a very precise 
distribution of the 
The effect of this 


energy distribution on the appearance of colored 


design of the spectral energy 


emitted light is now possible. 
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objects is analyzed and a new method of presenting umber of other technical societies. The review of the 
and the outline of present practice given in the 


observed data so to evaluate the luminosity ! 
ina . f of this paper should bridg onsiderable part 
function is suggested The importance of the _ nm — njslnatiiaten , 
" gap in our Transactio 
energy distribution between 520 and 600 milh- —— 
latter half of the paper, the author describes a 
line “ paper” he has “devised,” which has ordinates 
is emphasized It is indicated that -" n accordance with th inosity function of the 
inherent deficiencies In one part of the spectrum ve. He sugges o ion, Which is one of 
ed by introducing deficiencies in an e three chromaticity 1 of ‘I. system, 
other part of the spectrun e sole means of ¢ F 1 i our is to its co 


The a 


development of phosphor combinations, the light : 20 » Dies rd. He pointed out 


g or “compa i *% 1 another source, 


pplication these general principles he wen peessatel? to thle t 


fror vhich will blend with other illumination, is h plicatio or such vy paper” in permitting 


reflections factors 


doin detail and the color properties and yu leterm 


- nimeter 1 suremet i echnique is vi l 
ises of warmtone and 4500° white are reviewed Reve nea ‘ echnique is va 
iuse data expressed 11 


The opinion is expressed that if full use is made of BE ' 


irees coul t 


be evaluated 
the possibilities of olor control. as exemplified by . tra i were presented on ar 
these two new olors. the a eptance ot fluorescent 


vhting will be based on a broader foundation imino etion, oF , of the tristimulu 
s provides 

One doesn’t evaluate 
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i perfect match when used to illuminate white, neutral 


gray, or many other colors 


The question of color matches is confused by Mr. Buck’s 


statement that only one combination of three given phos 
phors can give a eolor match for a specific light source. 


This ignores the possibility of using different phosphor com 
mmercial fluorescent ponents, and, by changing composition, varying the color of 
lesigned to mat 


these components. With such phosphor variations several 
es00° K ' cole matches can | made for a given light source, which 
1ite different il energy distributions and con 
eolor rendition. This variation of 
varmtone color to 

rreseer , cap of blending we 
from ineandeseent sources by giving approxi 
same color rendition as well as approaching the 
olor appearance when viewed directly 
Mr Buek ind wis 
the optimum appearance of complexions food 
This particular design was attained by sup 
the green and yellow components and emphasizing 
component of the ght and when used alone it is 
i very flattering cosmetic lamp. Even in this spe 
ition, v remembered that color schemes 
not seem so 

healthy, pink 

may change ma 

neandescent attempt, moreover, 

imp in combinatio i incandescent source 

nd that the resulting contrasts are nearly as 
those obtained when we attempt to combine 


ndeseent souree 


indpoint, which Buck has 
color which 
e environ 
iniversalls 
irranged under 
inder this same 
imp manufacturer must 
times and design 
combined with existing 
inpleasant effects. In the pres 
isized that the eombination of two 
ates rather diffi 
unless the two 
was aneei? 
indescent light sources 
combined use of two sources 


indeseent lighting still 
ome lighting effects. Mer 


ind looked 


pothet 


ought 


on in 
indes 
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Studies in Gymnasium Lighting 


This paper reports a survey of 102 high school 
gymnasiums covering dimensions, activities, 
lighting and annual hours of use. Visibility 
studies made in well-lighted gymnasiums having 
fluorescent and filament installations provide a 
guide to recommended practice. Lighting lay- 
outs designed to meet the requirements of the 
multi-sport gymnasium are presented 
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By C. Jj. ALLEN 
R. E. HOLMES 


who had visited the Lighting Institute at Nela 


Park during the past two vears The 102 replies 
came from ten states, and from communities cov- 
ering a wide and representative range of popula- 
tion. The findings 

a) All the gymnasiums are used for general 
plivst al edueation. basketball and school dances. 
In addition, 95 per cent are used for volleyball, 70 
per cent for badminton, 50 per cent for indoor 
baseball, and 25 per cent for tennts 

b In three-fourths of the gvmnasiums the 


school ofticials or coaches consider the lighting 


fair or poor 
¢) The one-quarter, in which the lighting is 


considered good. average 23 watts per square 


foot. Under typical conditions this wattage repre 
sents approximately 20 footeandles average in 


service. Fig. 1 presents the correlation between 


the judgments of lighting adequacy and the 


wattage per square foot 
d) One gymnasium with 4.5 watts per square 


foot, corresponding to approximately 35. foot- 
candles in service, is rated as “very good.” This 


s the only one capable of providing the 30 foot- 


andles recommended for high school games 


3.0 





\ 
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FAIR 
(0.7-19) 


AVERAGE WATTS PER SQUARE FOOT 





i OLILLIFSS, 


Ss cme 


39% “23% 
PERCENTAGE IN EACH CATEGORY 


Figure 1. Correlation between average wattage and re 
ported comments of school officials on the lighting sys- 
tems employed in seventy-five high school gymnasiums. 
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Figure 2. For the same light delivered, fluorescent light- 

ing would cost less over-all than filament lighting in the 

majority of the gymnasiums surveyed. The plotted points 
show where the individual gymnasiums fall. 


Which are viewed by spectators 

e) The hours of lighting use range from 100 
to 2400 hours per year, with an average of 750 
hours. The hours of lighting use for games with 
spectators range from 25 to 500 hours per vear, 
with an average of 125 hours 

f In 55 per cent of the gymnasiums the com 
binations of energy rates and hours of lighting 
use indicate that fluorescent lighting would cost 
less overall than filament. Fig. 2 presents a curve 
of break-even cost for two gvmnasium lighting 
systems, fluorescent and filament, delivering equal 
levels of illumination. The computations are based 
Appendix A 


account both owning and operating costs 


on equation (2 which takes into 


¢) The average size of the evmnasiums in the 
survey is 82 feet by 56 feet, with a 21-foot ceiling 
h) The average size considered 


‘*ideal’’ by those reply ing is 9S feet 


nasium size in the lighting layouts presented 


later in the paper. Most larger gymnasiums em 
ploy the additional floor area principally for 
greater seating capacity 

Baskethall 


It is a game in which speed of vision is a factor 


Basketball play requires fast seeing 


both in safety of the players and in caliber of play 

Basketball might normally be thought of as an 
“aerial” sport—that is, one in which the ball is 
usually well above eve level. Actually, it is sel- 
dom an aerial sport except when the play is in 
close proximity to a basket. Fig. 3 shows the lines 
of vision characteristic of the various areas of a 
basketball court. In the passing and dribbling 
area, the ball generally travels below shoulder 
height. In the set-shot area the line of vision ocea- 
sionally goes up to 20 degrees In the pivot area, 
where the players look up toward the basket at 
20 to 70 degrees or more, particular eare is needed 
in positioning and aiming the light sources to 
minimize glare. 

Visibility readings of a basketball were taken 
with a Luckiesh-Moss Visibility Meter’ in two 
well-lighted gymnasiums having fluorescent and 


With the 


ball on and near the floor the readings of relative 


filament installations—Figs. 4 and 5 


visibility were very similar in the two gymnasiums, 
ranging from 9 to 11. There was no significant dif- 
ference in the measurements from the playing floor 
and from the stands 

Near the baskets, with the ball held stationary in 
the air 11 feet above the floor, the results were 
quite different. Values of relative visibility were 
15 under the fluorescent lighting and, employing a 
special filter on the Visibility Meter, 160 under the 


filament lighting. This difference in values does 


Figure 3. Illustrating the lines of vision characteristic of 
the various areas of a basketball court. 





by 72 feet. with a 23-foot ceiling 


In regard to dimensions, the au 


thors conclude from consultations 
with school officials and architects 
that a floor %6 feet by 76 feet has 
much in its favor. It will accommo 
date a regulation high school bas 
ketball court, 84 feet by 50 feet, 
with proper clearances all around 
and with seating capacity for 500 
spectators in folding bleachers on 
one side. It will permit effective use 
of the floor for a variety of other 
Hence these 


have been used as the basic gvm 


sports cdlimensions 
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not have direct numerical significance because tie 


| seale limit of calibration of the Visibility 


norma 
Meter is 20 
ball i I 


filament lighting, : e readings attested 


Nevertheless. all observers concurred 


higher visibilitv under the 


that t 


The filament installation included two 500-watt 
mv units located approximately 12 feet above 
feet in front of the basket. These put a high 

illumination in the region of the basket 

kboard. In addition, they set up grada 
brightness on the ball which modelled 

fluorescent installation, on the 

of units lengthwise of 

yvmnasium wi e baskets midway between 

This layout did not build up the illumination 

n the region of the basket and did not model 

ball cdistinetly 


is found to have maximum visibility 


was silhouetted against the brightness of a 
ninaire. When its silhouette was just tangent 
iminaire, on the other hand, the ball was hard 

ese variations in visibility were less pro 


the ase of fluorescent installations be 


lower brightness of the luminaires 
walls 


sibilitv of the 


sh on ceilings 
s the 

yround, in addition to 
llumination in the evm 
is. particularls 


more visible when it is 


attendant low visibility. And if the line of flight 
of a “‘bird’’ passes in front of a luminaire the 
player may lose sight of it and miss the ensuing 
shot 

It may be concluded that ideal playing conditions 
are obtained when the bird itself is well lighted, its 
background is relatively low in brightness, and 
luminaires are removed from the normal lines of 


sight of the players insofar as practical 


Many forms of special lighting systems have been 


devised for badminton. It is bevond the seope of 
this paper to appraise them, because they are large 
lv portable facilities which are not part of the 
permanent equipment of the gymnasium. It may 
that it is possible to ob 


bad 


be pointed out, however 
tain fairly good illumination for two or three 
minton courts from the regular evmnasium light 
ing svstem. To get this result the lavouts of lumi 
naires and badminton courts must be properly co 
ordinated, as in the designs shown later 
Badminton is often plaved where the bird is seen 


colored 


ended for evmnasiums 


‘eilings and walls, as recom 


against light 
For such play the feath 
ers can be treated with fluorescent liquids in bril 
This 


ontrast and help maintain high visibility 


liant colors such as fire orange and neon red 
will aid 
Dances 


school gvminasiums are used 


Since the survey indicates that all high 


for dances, special pro 
visions for appropriate lighting effects are warrant 
ed. A desirable atmosphere for dances is « reated by 


it level illumination—of the order of five 


Figure 4. This McKees Rocks, Pa.. gymnasium is lighted 
by continous rows of industrial reflectors 14 feet apart, 
each using three 40-watt fluorescent lamps. Calculated 
illumination 50 ft-c initially, 35 ft-c average in service. 
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With 


lamps serve 


footcandles—of a color flattering to skin tones 


fluorescent lighting the ‘‘soft white’’ 


this purpose. With filament lighting the reflectors 
may be equipped with theatrical gelatin filters in a 
wide assortment of tints, and also in deeper colors 
for spectacular effects 
be 


gelatin or cellophane sleeves 


Likewise, deeper colors mas 


obtained with fluorescent lighting by colored 


Portable spotlights with color roundels, and port 
able fluorescent-lamp trough reflector units with an 
assortment of colored lamps will enable dance con 
mittees to create distinctively interesting and 
original color effects 

Volleyball, Indoor Baschall, and Tennis 
ball, 


relatively 


Voll \ 
aerial with a 


ball 
the 


another sport, Is plaved 


large which travels at moderate 


of 


brightness of fluorescent equipment this game ma 


speed most time. Because of the lower 


be played with better comfort under fluorescent 
lighting than under filament lighting 


Indoor baseball and tennis are semi-aerial sports 


and hence also benefit by the low brightness of 


fluorescent lighting. Backgrounds of moderate re 
flectance at the ends of the court improve the visi 
bility of the moving ball in silhouette 

Votion 


Ivzing basketball techniques and playing skill by 


Pictures The growing practice of ana 


means Of motion pictures taken during the inter- 
school games adds to the need for a higher light 


ing level. Fifty footcandles, the recommendation 


Figure 5. Western Reserve University gymnasium, Cleve 

land, Ohio, has 500-watt filament lamps in high bay etched 

aluminum reflectors spaced 8'2 by 19 feet. Calculated illu- 
mination 45 ft-c initially, 30 ft-c average in service. 
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COST BREAK-EVEN CURVE 
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500W FILAMENT 
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ANNUAL HOURS OF OPERATION 








5 6 
ENERGY RATE-CENTS PER KW-HR 


Figure 6. This chart may be used as a guide in determin- 
ing where combination mercury-filament lighting has an 
overall cost advantage over filament lighting. 


for college games, is considered a minimum for tak- 
ing acceptable movies at a shutter speed of 32 pic- 
tures per second with a 1.9 lens and a fast film? 
ASA 80 
preferred 
the 


when projected at 16 pictures per second permits 


A speed of at least 32 pictures per sec 


ond is to the normal 16 pictures per 


second as resulting slower motion produced 
more detailed analysis of the play ing action 

An exposure meter is the simplest guide to a 
photographer wishing to know what pictures can 
be taken successfully in a specific gymnasium. The 


formulae in Appendix B may also serve as a guide. 


Combination Mercury-Filament Lighting 


like fluorescent light- 


ing, costs less overall than filament lighting under 


Mereury-vapor lighting, 
many conditions. Fig. 6 presents the 
eurve of break-even costs applicable 
to gymnasiums. 

light- 
its bluish 


The objection to mercury 


ing, when used alone, is 
color which distorts the appearance 
of complexions. When filament light 
suffi 


clent proportion, the color objection 


ing is used with mercury in 
is overcome. The general experience, 
nh gVinnasitims and more widely in 
that 
mercury and filament are fully sat 
the of 


appearance of complexions To check 


industry, is equal lumens of 


isfactory from standpoint 
this experience, a blonde and a bru 
nette model were observed under 30 
footcandles with a full range of pro- 
of 
The final judgments were 


portions mercury and _ filament 


lighting 
then recorded as follows 
Lighting Vlen-Holmes 
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Figure 7. High School Gymnasium 
96° x 7 
Standard High School Basketball 
Court 84’ 
Physical Education Areas 72’ 
Practice Basketball Courts 64’ 
Badminton Courts (Doubles) 44’ 
Volleyball Courts 60’ 
Tennis Court 73” 
mm 


BADMINTON 7 
ASRETSALL Softball Diamond 27 











VOLLEY BALL OPEN 
BASKETBALL FOLOING BLEACHERS 
CLOSED, 


enough to be of anv practical consequences In a 
gvimmasium. Nevertheless, the use of two-lamp bal 
lasts is to be recommended in order to reduce in 


stallation cost and to improve power factor 


Interior Finishes 


vht-finished ceilings, walls, and floors enhance 


the apearance of a gymnasium, besides increasing 


of mereury 


ombination the illumination level and improving visibility as 


tator areas it may already pointed out 
illuminant Ceiling reflectances of S50 to 85 per cent are at 
rood erades ot 


tainable on smooth surfaces with 


i 


= 


: a 


Figure 8. For high school gymnasiums whose operating 

conditions are economically suited to the use of fluores 

cent lighting, the suggested layout shown illustrates how 
a 5-20-30-footcandle level system might be installed. 


ENGINEERING 





white non-glossy paint. The same paints on acous- 


tical materials have somewhat lower reflectances 
because of the porous nature of these surfaces. Per- 
forated-type tile permits the maintenance of both 
good reflectance and sound-absorbing qualities 
when repainted, as the perforations tend to clog 
with paint relatively little 

Wallis of matte-glazed tile or other non-abrasive 
material are widely used in modern gymnasiums 
up to a height of approximately seven feet. Above 
this area, light-colored cinder blocks, brick, or wood 
paneling provide a wall reflectance in the desirable 
range of 50 to 60 per cent 

Natural hardwood floors, sealed with a non-glossy 


finish, have reflectances of 15 to 30 per cent. 


Maintenance 

Over one-fourth of the gymnasiums in the survey 
had 
vantages of a neat ceiling appearance and usually 
Either fila 
be mounted 


furred ceilings. This construction offers ad- 
easy access to the lighting equipment 


ment or fluorescent luminaires may 
above ports in a furred ceiling, and lifted or tilted 
up for relamping and cleaning. The ports may be 
protected by wire mesh or by rigid louver assem- 
blies 

With open-ceiling construction, luminaires sus 
pended 20 to 25 feet above the floor may be serviced 
effectively 


There are several designs which telescope or fold 


from portable light-weight platforms 
readily into compact form when not 

in use. For mountings above 25 feet 
there are larger designs of portable 
platforms; or disconnecting hangers 


be 
either filament or fluorescent 


may used to permit lowering 
lumi 
naires to the floor for maintenance 

Dirt on luminaires, ceiling, walls, 
and floor may reduce substantialls 
the level of 


initially. An adequate program of 





illumination obtained 
cleaning, relamping, and repainting 
is needed to insure getting the light 
paid for. Periodic measurements of 
the illumination with a light meter 





are valuable in establishing a main- 
and checking its 


tenance program 


effectiveness 


Multi-Sport Gymnasiums 





Fig. 7 shows a layout of the ae- 
tivities which can be accommodated 
in a multi-sport gymnasium 96 feet 
by 76 feet 
these dimensions have already been 


The reasons for choosing 


explained. The multiplicity of lines 


may seem confusing on a plan view, 


may 1949 
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particularly when all are in black. Experience in 
actual play has shown that with lines of different 


colors the players easily identify the boundaries of 
the game in progress. 

The lighting layouts in Figs. 8, 9, 10, and 13 have 
been worked out on the basis of the court locations 
in Fig. 7. 

These lighting layouts assume the ceiling height 
of 23 feet indicated in the gymnasium survey. It 
is noteworthy that ceiling heights greater than 23 
feet have for 
aerial sports, and high mounting of the lighting 


two advantages added clearance 
equipment with attendant gain in uniformity of 


illumination. 
Fluorescent Lighting 


8 shows a fluorescent lighting layout, em- 
T-17 lamps in 


Fig 
ploying 85-watt (formerly 100-watt 
two-lamp industrial reflectors. The luminaires are 
circuited as indicated to provide five footcandles 
or 20 footcandles. The lower value—for pre-game 
illumination, dances, and other activities of a social 
nature—may well be provided by complexion-flat 


tering ‘‘soft white’’ lamps. The entire fluorescent 


Figure 9. For high school gymnasiums where energy rates 
and operation hours are relatively low, note Fig. 2, a fila- 
ment system will probably be the most economical. This 
suggested filament layout provides 5, 20, and 30-ft-c flexi- 
bility for dances, general use, and exhibition events. 
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Figure 10. Suggested layout for 30 footcandles using 


filament equipment 


on is excellent 


0 footcandles for gan 
pplementary 500 
medium-spread 
me oft this 


ially justify the 


puiipment Note 


WO-watt lan ps 


as was found 


baskethall 


Figure 11. Alternate 400-watt mercury 
and 750-watt filament units mounted 24 
feet above the floor on centers 14 by 18 
feet are used in this gymnasium in San 
Luis Obispo, California. Calculated illu 
mination is 36 footcandles initially, with 


23 footcandles average in service. 


Lighting 


Then, after the spectators are safely seated the 
lighting over the seating area may be turned off 
and the full court lighting turned on, thus ‘‘set 
ting the stage’’ for the game 


Filament Lighting 


500-Watt Filament Lighting—A layout employ 
ing filament lamps in high bay medium-spread re 
flectors is shown in Fig. 9. Reflectors of etched 
brightness, 


All the re 


flectors employ DOO. watt lamps except those at the 


aluminum have advantages low 


ruggedness, and permanence of finish 


orners of the championship basketball court, where 
7o0-watt or 
nended 


lent. With circuiting as indicated, levels of 5, 20 


pairs of 500-watt lamps are recom 
The uniformity of illumination is excel 
footcandles are available 
reflectors which will accommodate 1000 
vatt lamps, with wiring capacity for this wattage 
is likelv to prove a good investment Simple socket 
adapters will provide the correct light center lengt! 
for 500-watt lamps in these reflectors 
With filament lighting. one wav to inerease the 
illumination for exhibitions and games with spec 
to raise the voltage applied to the lamps 
be done with variable-voltage auto-trans 


rs or with transformers having over-voltage 


taps When filament lamps are operated 10°) per 


ent above rated voltage, for example, the light 
utput is increased approximately 35 per cent; the 


is increased approximately 17 per cent and 


educed to approximately one-quarter otf 


1000-Watt Filament Lighting—Fig. 10 shows a 


lavout emploving 1000-watt filament lamps in high 


ha medium spre ad reflectors over the champion 
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ship basketball court. A pair of 1000-watt lamps is 
recommended at each basket. The illumination 
level is approximately 30 footeandles in service, 
with good uniform distribution. Over the spec- 
tator area, 750-watt lamps provide slightly over 20 
footcandles 

This layout offers minimum initial cost, but lacks 


the flexibility offered by the preceding layouts 


Filament-Mercury Lighting 


A layout employing a combination of 500-watt 


filament and 250-watt mercury lamps in twin high 


bay units at a 22-foot mounting height is shown in 


Fig. 13. It is moderate in initial cost. With the 
filament lamps alone the illumination level is ap 
proximately 15 footeandles in service, with fairly 
With both filament and mer 


cury lamps in operation the illumination level is 


uniform distribution 


approximately 30 footcandles in service 

The break-even curve in Fig. 4 is a guide in «ke 
ciding between the layouts in Figs. 10 and 13 

Alternate mercury and filament lamps of ap 
proximately equal lumens in high bay units give a 
satisfactory distribution and mixture of color where 
the spacing does not exceed two-thirds of the 
mounting height. For example, alternate 400-watt 
F-I11 (glass are tube 
filament lamps mounted 30 feet high on centers 16 


mercury lamps and 750-watt 


by 20 feet will deliver approximately 20 footcan 
With the same lavout, 400-watt 


mercury lamps alternated 


dles in service 
E-I11 


with 1000-watt filament lamps will deliver approxi 


quartz are tube 
mately 30 footcandles in service. This type of in 
stallation would be particularly applicable to col 
lege field houses and gymnasiums where high 


mounting heights may be obtained 
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Figure 13. Suggested layout for 30 footcandles using 
combination mercury-filament equipment. 


Summary 


Most high school gymnasiums are not considered 
well lighted by the school administrators and staffs 

For high school gymnasiums the minimum ree- 
ommendations are five foot-candles for dances, 10 
footeandles for assemblies, 20 footcandles for gen- 
eral exercising and games without spectators, and 
Fifty 


footeandles minimum are recommended for basket 


30 footcandles for games with spectators. 
ball games in college gymnasiums. Data are pre 
sented comparing overall costs of filament, fluores 


cent, and mercury lighting for gymnasiums 


Figure 12. The Palestra, University of 
Pennsylvania gymnasium, Philadelphia, 
Pa., has 55 footcandles over the playing 
area with 1000-watt filament lamps in 
narrow-beam, high bay units. When these 
lamps are replaced with 1500-watt lamps 
operated at 10 per cent overvoltage, the 
illumination will be over 100 footcandles. 
Motion pictures are taken and games 
televised from platform above bleachers. 
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lighting has the advantage of low 


Fluorescent 
brightness of source and reflector 
larly important when the gymnasium is used for 


This is particu 


‘aerial’’ sports 

Layouts are presented of fluorescent and filament 
lighting systems which meet the recommendation 
of three-step illumination levels for high school 
gymnasiums 

Layouts are also presented of filament and fila 
lighting systems which are low in 
in illumination level 


ment-mercury 
initial cost but lack flexibility 
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APPENDIX 


perating a given 


the following 


where 


f lighting 


per hour 


ystems pro 
or the an 


same annual 


] rghting 


(;symnasinn 
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B. The relationship between 7, C, A, 8S, and T when 


= Incident light in footeandles (vertical) 
“0; ASA ealibration constant, incident light 
Relative aperture or f number of lens 
\SA film exposure index 


Exposure time in seconds 


required to photograph an average subject is given by 


the following formulae 


SIT 
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Applications of Low-Brightness Fluorescent Lamps 


V. James:* It is noted several papers 


t the Conference, much ha ‘ iid about the 


of designing luminaires which shield the lamps, 


se as to avoid unduly high brightnesses in the field of vision 


One way to accomplish this desirable result would be to use 


only low brightness sources, such as the 40 watt T-17 fluo 


reseent lamps. In many rooms it would be possible to use 


such lamps in troffers or in open top suspended luminaires 


which, by their side walls, shield the lamps crosswise of 


ir axis but which provide no other baffles or louvers, and 


still satisfy the most rigorous requirements as to direct 


brightness. Reflected brightnesses would naturally be much 


lower than with the usual fluorescent sources 


iware of some very suc 


Many illuminating engineers are 


cessful present installations of such equipment, while new 
if wy 


luminaires employing this lamp are currently becoming 


available. That more consideration has not been given to 


such types is probably due to a possible erroneous idea as to 


their relative cost for the same level of lighting. Where the 


cost analysis allows for the much higher luminaire efficiency 


ind maintenance factors which are possible, resulting in 


relatively fewer lamps required, and where the manufac 


turer has taken full advantage of the lamp characteristics 


in the design of the luminaire, this matter of relative cost 


may be found to be in favor of the low brightness lamp 


equipment 


It is suggested that these possibilities be thoroughly ex 
I . 


plored by those who are responsible for recommending 


lighting installations for schools, offices and even high class 


industrial interiors 
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Lighting a Classroom 


LIGHTING OBJECTIVE: To illuminate a classroom by means of a louvered ceiling, uniquely providing a quantity 
and quality of illumination in keeping with the character of the installation. 


A.LA. File No. 31 /16 


BRIGHTNESS READINGS Installation at Lincoln School, 
LINCOLN SCHOOL PARK RIDGE LLINOIS Park Ridge Illinois 


Perkins and Will, Architects 


General Information: The room 
is 23 feet 10 inches by 34 feet 9 


inches by 12 feet high. Room 





decorations are as_ follows 


ceiling, white (85 per cent re 











flectance); woodwork on front 








cabinets, natural finish; all 








other woodwork light blue; 

FLOOR 7.9 : 
onan We te ' blackboards, slate; upper wall 
GOAN SAMPLE 50.8 ’ and wall under windows, vel 
low (75 per cent) ; dado on wall 


ALL READINGS TAKEN WITH SHADES DRAWN opposite windows, light blue; 
ON A DARKLY OVERCAST DAY 
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double roller shades, buff : desk tops, bleached wood 
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40 per cent); floor, variegated tan (35 per cent 
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| Installation: The ceiling is divided into four bays cov 
weaaas Vt sb ered by louver panels 30 inches by 84 inches, made of 


hhh hh hhh th hehe heledhlealenh 


PARTIAL PLA! VIE” 


Srp 
venetian blind steel fabricated by Federal Electric 
Company. Four rows of 72-inch TS, 4500° slimline 
fluorescent lamps (300 ma), 11in each row, are mounted 
ceiling. The louvers are installed 11's inches below the lamps with the cells 

> cut-off lengthwise and 40 degrees perpendicular to the lamps. Four switches are 

at certain portions may be illuminated as needed An illumination level of 55 foot 

as measured after 400 hours burning. Brightness readings are indicated on the sketch. With 


of the bla kboard, the brightness ratios do not exceed 3 to 1 


Distributed by the Committee on Publications of the Illuminating Engineering Society, 
51 Madison Avenue, New York 10, N. ¥ 


Series XIV 5-49 





Lighting a Cutlery Shop 





SHOP featuring cutlery as its only merchan 
dise has store lighting problems all its own 
Strangely enough, however, specific tmstal 
lations have seldom been published for cutlery 
stores 

An interesting solution of this application prob 
lem was recently made at the Exclusive Cutlery 


Shop in San Francise 


Stanley E. Hlowatt worked out the lavout 


As with most cutlery stores, almost the entire 


stock was on display in this small store, in dark 


wood wall cases. For attraction of the customer 


and appraisal of the goods. some means was needed 
to highlight the merchandise and bring its detai 
out from the background 


With light-colored surfaces inside the dark cases 


Installation 
The Ey 
Shop, 


Equipment 

General Lighting 

six lamp slimline louve 
nits. Lamps ar 


fluorescent 


Incidental Information 
('¢ 


white 


Ay 
ing, 45 footeandles ‘ase 


lighting, 100 footeandles 


MAY 1949 


The illuminating engineer 
in charge of the job was Clifford L. Daly of the 
Pacific Gas and Electric Company of that city; 


case lighting units with anodized aluminum reflec- 
tors were installed, using 40-w T-12 3500° K fluores 
cent lamps to provide 100 footeandles on the wall 
hung merchandise. The highlights of the knives, 
scissors and other cutlery tools were immediately 
the brightest objects in the field of view—firs rule 
of attraction to displayed merchandise 

General lighting throughout the store was pro 
vided by two louvered units running the entire 
length of the room, using 6-lamp slimline 3500° K 
fluorescent lamps. The ceiling was painted a flat 
off-white of 80 per cent reflection factor ; the upper 
walls were at flat cream of 65 per cent reflectance 
Average general illumination is 45 footcandles 

The highlighted cutlery, lighted to 100 footean 
dles against the general background lighting, very 
effectively meets the recommendations for such 


‘cas—for attraction, appraisal and appeal 


Lighting Cutlery is Hard! 








Lighting Appointments 


on British Luxury Liners 


Lighting the “Caronia” 


lighting of this vast, superbly constructed 

is fully in keeping with other features of 

which make the ship such an outstanding 

le of British skill and craftsmanship. The 

is so carefully integrated with 

the structure and decoration it unifies and height 
ens all appearance values. Thus the prevailing 
atmosphere of every public room is that of luxuri 
ous comfort The manv delizhtful effects repre 
t the work of J. P. MeBride of Messrs. MeInnes 


Gardner & Partners, the architect responsible for 


sen 

design and decoration, with the collaboration of 

the British Thompson-llouston Company on the 
lighting features 

Lavish use has been made of veneered paneling 

of rich variety, of engraved and sculp 

tured glass and ornamental 

metal elements, of deceora 


tions in lacquer and 


LeSSO, 
ff painting and seulpture 
Flower boxes abound, light 
ed from softits above, There 
is interesting diversitv of 
satisfving olor harmonies 
in draperies, rugs, and other 
appomtments Most of the 
interior surfaces are light 
enough to afford an agree 


able visual environment 


Figure 1. Balmoral Restaurant 
on the “Caronia” makes exten 
sive use of multiple fluorescent 
lamps concealed in coves and 
golden metal troughs to enhance 
the appearance values of the 
quilted birch veneer panels in 
the upper walls and ceiling. In 
the lower sections at the side, 
lighting is from continuous 
glazed cornice together with 
spot lighting of the individual 
tables from flush fittings 





In each of the “Caronia’s” main public spaces 
a combination of standard multiple fluorescent 
and filament lighting is employed to provide illu 
mination of character and quality consistent with 
the appointments and color schemes. Concealed 
warm-white fluorescent lamps, and in some in 
stances tinted glass, contribute to the charm 
the dominantly sunny atmosphere 

illustrate 


(ne of the ship's restaurants 


Figure 2. Above. Panel at end 
of the First Class Main Lounge 
(Caronia) is veneered in pale 
golden mottled Canadian maple, 
divided into squares with a 
sunken “V" joint. Chairs and 
settees are covered in harmoniz 
ing green, peach, and fawn. 


Figure 3. The sunlight environ 
ment of the Garden Lounge 
(Caronia) is produced by com 
bining warm-white fluorescent 
and filament components. The 
former is used in continuous 
ceiling coves, the latter in re 
cessed downlights and in soffits 
over tropical plants and flowers 


these pages, is an example of the way the de- 
signers have combined lighting and decoration 
‘ince the restaurants represent the more elaborate 
efforts in appointments, especially with respect 
to the uses of rare wood and metalwork finishes, 
the lighting schemes are proportionally lavish. 


The garden lounges are among the numerous 


other attractive public spaces, each distinctive and 


developed with imagination. Here an impression 
of sunlight has been created to heighten’ the 
effect of tropical plants and flowers. In the even 
ing these garden lounges are peak attractions 
Throughout the passenger decks on the “Ca- 
ronia,” wherever the traveler goes, he finds hand 
some settings more delightful because of care in 


the lighting plans 


Lighting the “Queen of Bermuda” 


The illumination for this fine ship has been en- 
tirely renewed. Over 80 designs were prepared in 
the Fittings Design Office of the General Electric 
Company, Limited to provide lighting installations 
suitable to the furnishings of the “Queen.” Messrs 
MelInnes Gardner & Partners of Glasgow were the 
decorative architects for this ship, also 

Cold-cathode fluorescent tubing, aggregating 
nearly three-quarters of a mile in length, is used 
for most of the public rooms. Most of the tubes 
230-volt AC 


IS provided from two rotary converters 


are applied in indirect cornices. A 
supply 
operating on the ship’s 230-volt DC system. <A 


third converter is available as a standby machine 


= 








Figure 4. Luminous 
ceiling panels light- 
ed by concealed 
cold-cathode tubing 
emphasize structur- 
al features of this 
cocktail lounge on 
the “Queen.” Fila- 
ment downlights 
build up illumina 
tion in the area 
near the service bar. 


‘n” follow the prece ration) presents one of the “Queen’s” most in 


famous passenger levels teresting installations llere there is a combina 


pretentious furnishings. In_ the tion of fluorescent tubing and filament lighting 
Class dining salon, most of its area is lighted Warm-white tubes are concealed in a cornice run 
svste "arm-\ e and gold ning around the ce, ter of the room, and in a num 

elements of ber of ceiling panels in the wings The central 

is used in a portion the ceiling contains a “skylight” 

equipped with filament units in reflectors. Four 

ental, silver-plated torchieres, glazed with 

tinted glass, and equipped with filament 

a note of opulence to the lighting con 


in this lounge 


Figure 5. The Main 
Lounge of the 
“Queen.” Upper 
walls are kept lumi 
nously in key with 
“skylight” panels, 
the former lighted 
by means of con 
cealed fluorescent 
sources, the latter 
from filament units 
Handsome torch 
ieres sustain the lu 
minous decorative 
feature at floor level 





Correction of Light-Sensitive Cells for Angle 
of Incidence and Spectral Quality of Light 


Optical characteristics of light-sensitive cells of 
the photovoltaic (barrier-layer) type are dis 
cussed. A new lamination technique is de- 
scribed by which the inherent errors in color 
and angular response of the cell may be cor- 
rected at much higher efficiencies than hitherto 
attained. Performance characteristics of these 
laminated cells are given and requirements are 
discussed for field and laboratory instruments 
for the measurement of light intensity. A 
pocket light meter for general field service, a 
low-range precision instrument suitable for 
street lighting measurements, and a multi- 
range precision instrument which utilize lami- 
nated cells are described. 


HE fluorescent lamp has provided a new 
horizon of opportunities for the entire light 
ing industry. At the same time, it has pre 
sented several new problems. Perhaps one of the 
simplest of these, and yet one which has thus far 
escaped a completely satisfactory solution, is the 
measurement of light intensity from fluorescent 
lighting systems 
Prior to the fluorescent lamp, the selenium 
photovoltaic, or “barrier-layer” cell was devel 
oped and applied to the measurement of illumina 
tion in the field and in the laboratory!’ *. Since 
this type of cell produces an electric current in 
proportion to the amount of light absorbed, it 
became a simple matter to connect a suitable 
microammeter with such a cell to form a light 
measuring instrument. Several variations of the 
basic design have been developed, each represent 
ing a compromise between the required sensitivity 
and precision, cost, ruggedness and size, to meet 
specific needs. Perhaps the most commonly known 
and widely used is the “Light Meter” form of 
instrument, Fig. 1, in which nominal sensitivity 
and precision are accepted in order to achieve 


small size and ruggedness 
Spectral Response 


At an early date, it was established that the 


response of the selenium cell to various wave 


A 
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By G. B. BUCK, II 


lengths of light differs considerably from that of 
the average human eye, Fig. 2. The curve for 
the average eye is the “Standard Observer” as 
defined by the International Commission on Illu- 
mination, (1931). At the time, this difference 
was of little practical significance, except for the 
measurement of daylight, since there was but one 
common interior illuminant, the incandescent 
lamp. Meters were calibrated under this source, 
which has so little variation in spectral emission 
over the range of sizes, wattages and filament 
temperatures encountered,*;° that the error is 
negligible within the accuracy required for field 


and most laboratory instruments 


Figure 1. Pocket light meter incorporating a selenium 
photovoltaic cell and a microammeter. 





WAVELENGTH ANGSTROMS 
Figure 2. Relative response of the average human eye 


and average light meter cells of recent production to 
various wavelengths of electromagnetic rediation. 
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Nevertheless, such meters were not suited, per 
se, for the measurement of discharge sources since 
from the filament calibration 
Nor is the filament 


valid for the 


greatly 


differ 


In spec tral emission 


these 
ourece 
lamp calibration measurement of 


natural davlight, the 


spectral character of which 


e; 





=> 


<« 





Figure 3. Vector diagram illustrating Lambert Cosine 
Law. Surface illumination is product of beam intensity 


and cosine of the angle (#) to the normal 


Correction Factors for Selenium Photovoltaic 


TABLE I 
Cells* under Various Light Sources 
Correction 

Source Color Pactor 


AOR COMMECTED 
rw 


ANGLE OF INCIDENCE DEGREES 
Figure 4. Chart indicating theoretical cosine response 
(dashed curve); angular response of light meter (glass 
covered selenium cell) (solid curve); and angular response 


of cell color-corrected with glass filters, (dotted curve). 


differs from filament and also varies from hour to 


hour, day to day and seasonally 
At this juncture, the fluorescent lamp was intro 
duced in many new hues and purities of color, 


each with a spectral distribution of energy emitted 


fellows and differing 


** Almost 


differing widely from its 
incandescent lamps." immedi 


it was found that available light measuring 
lamps were 


Irom 


ately % 
filament 


>» common practi e 


instruments calibrated for 
seriously in error and it became 
to use “eorrection factors” Such a factor is 
needed for each color of fluorescent lamp, as well 
in order to con 


s for the other discharge sources 
ert the seale readings to true footeandle values 
While each manufacturer made available tables’ 


if correction factors for each light source, inelud 
ing mereury, sodium, ete., it is easy to misplace 
such tables and the mere need for correction fac 
tors tends to limit the use of these instruments 
Furthermore, the wide variation in color of nat 


ural lighting and the light reflected from colored 
walls makes a simple correction factor for such 


measurements virtually impossible 


Table I 


for the spectral response of 


presents correction factors* computed 


ight meters of recent 


production when used under the indicated light 


The values in the first column apply if 


sources 
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ANGLE 9 INCIDENCE EGRE f 


Figure 5. Chart illustrating errors in angular response 
for Light Meter and glass color-corrected cell of Fig. 4. 


the instrument was calibrated in the usual way un 
der an ineandescent source of 2700 K color tem 


perature; while those of the second column corre 
spond to calibration under an incandescent lamp at 
2900 K. It also will be noted that the values have 
changed somewhat since the earlier study This is 
due to slight changes in the spectral characteristics 
of improved cells and lamps through the vears 
Future changes in either cells or light sources 


would be expected to further modify any given 


correction factors. The situation is further com 
plicated by the fact that each cell manufacturer 
utilizes a slightly different process which results 
in significantly different spectral response and 
hence a separate set of correction factors. Fur 
ther, some manufacturers produce more than one 
variety of cell so that it may be necessary to know 
something of the history of a cell before it can be 
table of corrections apply 


determined which 


Hence, Table | 
meter of Fig. 1. As indicated by the table, this 


is applicable only to the light 


instrument may read 50 per cent low under green 
fluorescent lamps, while it reads more than twice 
the true value under light from blue fluorescent 


lamps 

Cdnve possible solution is to modify the cell re 
sponse to mateh that of the Standard Observer 
Since the cell response covers a wider spectral 


range than does the eye, it is quite possible to 
develop filters to subtract from the incident light 
proportion to reduce the cell 


just the proper 


sensitivity to mateh the relative eve response at 
each wavelength. However. when such a combi 
nation of blue and amber filter glass was designed, 
it was found that the overall filter transmission 
nt. To obtain an accept 


reduced the cell 


was only about ten per cé 
able color correction, this filter 


output to a point where very sensitive meters were 
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ANGLE CENTER OF ZONE (DEGREES) 
Figure 6. Chart of zonal constants of sphere, indicating 
relative areas contributing illumination to horizontal sur 
face at various angles. Ordinate gives area for usual 10 
degree zones (dotted) (divide by 2 for 5 degree zones 
indicated by steps). The solid curve is the product of 
zonal constant and the cosine of the angle of light inci 
dence, hence is indicative of relative contribution to 
herizontal illumination of the various zones of a uniform- 

ly bright hemisphere. 


Figure 7. Photograph of multi-cell color-corrected diffus- 
ing plate light meter.'” (See References.) 


< x « 
ANGLE * INCIDENCE DEGREE 


Figure 8. Chart of relative angular response of multi-cell 
color-corrected diffusing plate light meter and Macbeth 
test plate in comparison with theoretical cosine response. 


: , _ - 
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readings at prevailing interior 


These 


required to allow 


illumination levels more sensitive meters 


were expensive and less rugged, taking the 


color-corrected light meter out of the category of a 


more 


field instrument, although the use of color-corrected 


eells in the laboratorv has become extensive 


Angular Response 


Widespread use of linear sources intensified the 
need for another type of correction, that for the 
light upon the cell. The 


Lambert's Law states that the 


angle of incidence of 
horizontal 
product of the 


familiar 
omponent o rht intensity is the 


beam intensity and the cosine of the angle of inci 
between the beam and 


‘J > 
Fig. 3 


defined as the anglk 


dence 
the normal to the surface 


6 is the angle of incidence 


cos. 6. Where 


this is true regardless of the nature of the 


ent use of fluorescent lamps in con 


rv large rooms, ¢.q. aireraft and 
as focused attention on 
} 


a rk prop rtion of the hori 


Chart illustrating errors in angular response for 
multi-cell color-corrected diffusing plate light meter and 
Macbeth test plate. 


Figure 9 


Figure 10. Diagrammatic sketches of light paths in (A) 
Bare cell, mounted; (B) Glass covered cell, light meter; 
(C) Glass color-corrected cell; (D) Multi-cell color- 
corrected diffusing plate light meter. Shielding of cell by 
housing indicated in (A). Surface reflection losses indi 
cated for various types of instruments, (A), (B), (C), (D) 
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ANGLE OF INCIDENCE DEGREES 


Figure 11. Chart showing relative reflectance of polarized 


and unpolarized light at various angles of incidence. (Re 
fractive index of material 1.490). 








ANGLE OF INCIDENCE DEGREES 


Figure 12. Chart indicating computed (dotted curve) and 
measured (solid curve) angular response for glass-covered 
cell (light meter) 


zontal illumination at a given point may come at 
large angles, from lamps at considerable distances 
Further, light at 
angles is often of maximal importance, ¢.¢. in inte- 


measurement of near-grazing 


riors lighted by natural light from windows, and in 


the lighting of streets, ball parks, ete 
ago’ that the 


standard light sensitive cell did not respond to light 


It was established some time 
in accord with the Lambert cosine law. In fact, 
while the error is only a few per cent for light 
striking the cell within a narrow cone of 30°, the 
error may easily reach 40 per cent for the light 
entering at 70°, and about 75 per cent for that at 
80) Data for the angular response 
of the ‘‘light 


ard cell, 


meter’’ and a stand 
with glass 


At the 


deviation 


eolor eorrected 
filters, are given in Fig. 4 


greater angles a_ small 


from the theoretical cosine (dashed 


eurve represents a much larger 
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ANGLE OF NCIDE NCE € 
Figure 13. Chart showing angular response of an uncov 
ered selenium cell before (solid curve) and after mount 
ing (dotted curve) in comparison with theoretical cosine 
response (dashed curve). 


error than the same apparent separation at the 
smaller angles. Hence, a second chart is presented, 
Fig. 5, to show the variation in per cent deviation 
or “error” from the theoretical 
“Error” is defined 
R 
1 

where 7 Theoretical cosine value at angle 6 
R = Actual relative response at angle 6 


It is seen that in terms of angular response, cells 
color-corrected with the glass filters are more seri- 
ously in error than uncorrected cells, the error 
reaching about 75 per cent at 70° light incidence 
and over 90 per cent at 80 

While it is true in many cases, that most of the 
light is incident nearly normal to the working sur 
face, yet the trend is toward more uniform bright 
ness patterns throughout the room. Hence, useful 
light at large angles of incidence is becoming more 
important. The areas contributing light flux to a 


horizontal plane increase rapidly at the large 


angles. This is the familiar “zonal constant” which 
is plotted on the basis of 10° zones in Fig. 6." 
Inspection indicates that for a uniformly bright 
interior, the cell error at 70-80° light incidence 
merits over ten times the weighting of the error at 
0-10° incidence 
ations, the light at grazing incidence may be rela 


On the other hand, for many situ 


tively ineffective in producing horizontal candle 
power due to the distance from the light source to 
the point of measurement. Street lighting is one 
example, wherein the light from angles greater 
than 60° or 70 


illumination although very effective in producing 


produce relatively little horizontal 
pavement brightness 
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Previously, steps have been taken to provide 


angular correction to match the cosine law, and the 
familiar Multi-Cell Color-Corrected Diffusing Plate 
instrument, Fig. 7, was developed’’ and has been 
widely used during recent vears. However, in addi- 
tion to the 90 per cent of light sacrificed in obtain- 
ing acceptable color correction, approximately 70 
per cent of the remaining fraction is lost in order 
to obtain cosine correction equivalent to the long 
established Macbeth test plate, Figs. 8 and 9, leaving 
a sensitivity only three per cent of that of an un- 
corrected cell. Thus, even with the most sensitive 
meters practicable for field use, it was necessary to 
use several standard cells in parallel to get suffi- 
cient output to measure even the higher intensities 
encountered. The lowest range of the multi-cell 
In spite of the 
delicate meters, and high 


unit is 50 footeandles, full scale 


limitations of complexity 


ANGLE OF INCIDENCE DEGREES 


Figure 14. Chart showing angular response of a cell cov- 

ered with a thick lens (solid curve); with the lens ce- 

mented to the cell (dotted curve); and then with a color- 

correcting filter laminated between the lens and cell (dot- 
dash curve). 


? . « . 


ANGLE OF INCIDENCE (DEGREES 


Figure 15. Curve of angular response of thin flat lens 

(design 8-1) cemented to standard rectangular photo- 

voltaic cell, average of crosswise and lengthwise planes 

(dotted curve) compared with theoretical cosine (dashed 
curve). 
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ANG STROMS 
Figure 16. Spectral transmission data for color-correcting 


glass (dotted curve); plastic (dot-dash curve); 
and gelatin (solid curve). 


filters 


his instrument has 


light-intensits 
at the present 
be desirable to 

response, stability and com 
of cost, the optical re 


mewhat for the various 


TABLE II-—-Relative Response of Various Cells 
Angle of Light 
Incidence 
oO 40 80 


Type Construction 


—— 
WAVELENGTH (ANGSTROMS 
Figure 17. Computed spectral response for average 
selenium cell of Fig. 2 covered with filters, glass (dotted 
curve); plastic (dot-dash curve); and gelatin (solid 
curve); compared with 1931 LC.I. average human eye 
(dashed curve). 


Recently attempts have been made to appraise 


cells and 


the optical characteristics of the available 


light meters. Fig. 10 may serve to indicate the 
osses Which occur by surface reflections, by shield 
ing and by diffusion in the various types of un 
Table 


Il presents the readings obtained with a bare cell 


corrected and corrected cells discussed above 


overed with clear glass, covered with blue and 
amber glass filter combination and finally covered 
with both the filters and the diffusing plate. The il 
lumination was held at the same intensity through 
out the test and the light entered the cell perpen 
Values for the other angles 
fands 

It is well known that surface reflections increase 


the light so that most 


dicular to the surface 


are computed from the curves of Figs 


with the angle of incidence of 


approach “mirrors” at  near-grazing 


surlaces 


angles. Theory and experiment have established 
the factors which affect the reflection of light inei 
dent at a boundary surface between two media of 
different indices of refraction. The reflecting power, 
or ratio of emergent to incident intensity, is found 


to depend upon the state of polarization of the 


light, the angle of incidence and the indices of 


refraction of the two media involved. The Fresnel 


‘ quations! for refle ‘Ting power are 


I sin 


l sin 


R, 
for light polarized perpendicular to plane of 
incidence where ? is angle of ineidence 


ris angle of refraction 
R 
rh 
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Thus for unpolarized light, which may be con- 


sidered as one-half polarized in each plane: 


l sin- (1 1 tan* (2 

R,, 
2 sin* (a4 2 tan? (1 

Fig. 11 illustrates the variation of reflecting 

power with the angle of incidence for polarized and 

unpolarized light at the boundary surface of air 

and a glass, plastic, or other material of index of 


refraction of 1.490. For light at normal incidence, 


hence this reduces Snell’s law, R 


and solving, one finds the familiar four 
"” 1 

per cent first-surface reflection loss. Thus, the two 
additional surfaces of the cover glass are respon 
sible for the eight per cent loss, giving the 92 per 
cent, “perpendicular optical efficiency” for the 
standard glass covered cell seen in Table Il. Fig 
12 gives a computed response curve for the stand 
ard glass-covered cell compared with a measured 
curve. In addition to the reflection losses caused by 
cover glass at large angles of light incidence, 
the cell housing shields a portion of the cell and 
further lowers the overall response. The effect is 
net significant at angles under about 60° but be 

‘omes increasingly a factor at greater angles 
With light incident at greater angles, it is noted 
from Fig. 11 that the reflection loss increases. be 
ing about 10 per cent per surface at 60° and about 
40 per cent at sO It became apparent that the 
greater the number of surfaces, the greater would 
be the reflection loss and the cosine error at large 
angles. The thought then occurred that the con 
verse must hold, i.e. the elimination of surfaces 
would improve the cosine response, and this has 


been verified experimentally 


Figure 18. Photograph of new pocket size light meter 
corrected for color and angle of light incidence. 


Applying these considerations. cells were made 


up with various clear and diffusing glass and plas- 


tic covers laminated to the cell with cements of 
suitable refractive index to reduce reflections at the 
“interior” surfaces and to bring the entrance pupil 
up at least to the level of the housing. Marked im- 
provement in the cosine response was immediately 
noted. Ilowever, there were several complicating 
factors which had to be explored before a design 
could be adopted. Theory and tests showed that 
the reflectance of the bare cell varies with angle of 
light incidence and hence the cell itself does not 
follow the cosine law, Fig. 13, although it is slightly 
superior to the glass-covered cells, Fig. 4. Like 
other boundary surfaces, the air-cell interface has 
a reflection characteristic similar to that of Fig. 11. 
Further, as noted in Table IT, the use of diffusing 
materials to increase the relative response at low 
angles, markedly reduced the overall response due 
to the light reflected and absorbed 

Therefore, lenses were computed to compensate 
for the cells’ failure to follow the cosine law. Being 
clear, these had very low reflectance and absorption 
losses and the interior surfaces were “removed” 
optically by cementing. Fig. 14 indicates the effee- 


VCE DEGREES 
Figure 19. Chart of angular response of new laminated 
cell, color-and-cosine-corrected light meter. Crosswise and 


lengthwise planes are given by dotted curves and the 
average as the solid curve. 


tiveness of reducing these surface reflections; the 
lower curve was taken with one of the first lens 
designs placed over the cell; the upper curve is for 
the same lens cemented to the same cell. Obviously 
this laminated cell was over-corrected at all angles 
of light incidence, so that additional designs were 
studied until the result given in Fig. 15 was ob 
tained with a thin lens. Another difficulty arose 
from the fact that the usual light cell is asvmmetrice 
in shape. Hence to form a lens surface of continu 
ous contour for ease of maintenance, manufacture 


ete., it became necessary to overcompensate slightly 
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ANGLE OF INCIDENCE CORE 


Figure 20. Chart showing error in angular response for 
new light meter of Figs. 18 and 19 


ana 


Figure 21 
cemented to a new 4 


Chart of angular response of a thin flat lens 
circular selenium cell (dotted curve) 
compared with theoretical cosine response (dashed curve). 


ANCA 


Angular response of laminated 4” cell of Fig. 
en covered with plastic hemispherical filter (dotted 
compared to theoretical cosine (dashed curve) 


hallow louver removes the stray light at 90 


illumination for a small source, the cell may be 
rotated 90 
though in either plane the new design is superior 


and the two readings averaged, al 


to previous instruments. Or, one could measure the 
angle of light incidence and apply the correction 
factor from the given curve. At this point, it was 
noted that cosine response had been achieved at no 
loss in cell response; the laminated cell having 
slightly greater sensitivity than the standard cell. 

Hlowever, the ultimate objective was the creation 
so that a filter 
Although 
filter could be 


reduced by cementing, the transmission of the filter 


of a color-and-cosine-corrected cell, 
had to be incorporated into the system 


the surface reflection losses of the 


varies as its effective thickness varies with the angle 
Hen e, 


compensate by the 


of incidence it again became necessary to 
Much 
orrect for the filter 


The asymmetric shape of the 


lens contour thicker 


lenses were found necessary to 
loss at wide angles 
cell again increased the difficulty in obtaining good 
angular response in the two planes with a continu 
ous lens surface 

filters have been in 


Glass, plastic and gelatin 


vestigated for this application. The gelatin and 


plastic ty pes were selected as the most reproducible 


and with the highest transmission for a given de 
gree of color correction, Fig. 16. Comparisons of 
the relative response of the average eye and of 
average cells covered with these filters and with the 
prior blue and amber glasses is given in Fig. 17 
It is noted that the transmissions of the gelatin and 
plastic are approximately three to four times that 
of the glass filters 


This provides substantial gain 


in cell sensitivity, which has been needed for many 


applications. Critical comparison of the spectral 


transmissions of the three tv pes of filters indicates 


that all are satisfactory for ordinary continuous 


light sources, although one may be slightly superior 


Figure 23. Photograph of the low-range precision light 

meter equipped with automatic leveling gimbal mount for 

such applications as street lighting. Sensitivity ranges of 

0 to 1 and 0 to 5 footcandles are obtained with the 4” 
laminated cell of Fig. 21. 
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for mercury line radiation and another for sodium 
Both 


gelatin and glass filters have been exposed to sev 


line radiation when calibrated with filament 


eral hundred thousand footcandle hours of natural 
daylight at high intensities with measurable but 
not serious change in transmission characteristics 
Similar studies are underway with the plastic ma 
terial 


New Pocket Light Meter 


Thus, during the course of two years, several 
hundred variations of the laminated cell technique 
have been studied. It is believed that the first ob 
jective indicated above, i.e. for a pocket light meter 
corrected for color and angle of light incidence, has 
been achieved with the design shown in Fig. 18 
The spectral sensitivity of this laminated cell de 
sign is given by the curve for gelatin in Fig. 17, 
and the angular response in Figs. 19 and 20. The 
dotted 


planes, and the solid line is the average of both 


lines are for lengthwise and crosswise 
planes Although the meter reads several per cent 
high at small angles and several per cent low at 
large angles, under most conditions these errors 
are well within that of meter accuracy and eali 
bration Further, it is noted that these errors 
tend to cancel when light is incident from many 
ingles 

The cosine correction is attained without addi 
tional optical losses, hence only the filter trans 
mission lowers the cell response, and the “perpen 
dieular optical efficiency” is found to be 42 per 
eent or about 14 times that previously achieved 
with a color-and-cosine-corrected cell, Table II 
Further, the color-correction is at least as good 
and the cosine-correction substantially better than 
Hence 

» 


corresponding to objectives 2 and 3 became prac 


before available improved instruments 
ticable by connecting the proper cosine corrected 


rr color-and-cosine-corrected laminated cells in 


Figure 24. Photograph of the new multi-range precision 
light meter which utilizes the laminated 4” cell, Fig. 21, 
and color-correcting hemispherical filter, Figs. 17 and 22 
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parallel, and development instruments of these 
characteristics have been made. The marked in- 
crease in light transmission of the gelatin over 
the glass filters, approximately 400 per cent, sub- 


stantially meets objective 4. 


Low-Range Precision Light Meter 


Nevertheless, it was felt that the potentialities 
of cell lamination were such as to justify the de 
velopment of a large symmetrical cell which 
would allow more perfect cosine correction and 
greater sensitivity for a lower range instrument. 
Work was begun on a two-inch circular cell and 
preliminary cosine and color cosine lenses were 
made 

At this juncture, consultation with street light 
ing specialists indicated the desirability of an in- 
strument with a full scale reading of one foot 
candle or less, so that even the minimum values 
as indicated by the American Standard Practice 
for Street and Highway Lighting’ could be mea- 


sured. Preliminary estimates indicated a cell of 


ANGLE OF INCIDENCE DEGREES 

Figure 25. Angular response of a typical group of 4” 

circular cells laminated with thin gelatin filters and lenses 

between 0.25” and 1.75” in thickness. Dashed curve rep- 
resents theoretical cosine response 


four-inch diameter would be required and _ this 
development was undertaken, resulting in a com- 
bination with nearly perfect angular response as 
indieated in Fig. 21. When a hemispherical filter 
is placed over this design, little or no change in 
angular response is noted, Fig. 22. The erroneous 
reading of about one per cent caused by stray 
light at 90 


where such error Is significant 


is removed by a very shallow louver 


For the street lighting application, the lami- 
nated cell construction of Fig. 21 is mounted in an 
leveling gimbal and used with a 


While 0.50 foot- 


automatically 


sensitive microammeter, Fig. 23 
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candle full scale detlection has been obtained with 
this cell and a standard microammeter. experience 
giving 1.00 foot- 


indicated a more rugged meter 


candle full seale indication, to be better suited for 
field work. An additional scak 0 to 5 foot 
provided by mj f a shunt. Choice 

vy ranges Is . the toggle switch 

h is provided so 
to the cell 


alibration 


~snap-« 

filter fa 
readings may be 
For many applica 
orrection Tactors ol 
es other 


filter 


Multi-Range Precision Light Meter 


ell of Fig. 21 is also used in a 
Fig 4 In 

is fastened to the 

alibrated to 10 

values with th 

microammeter 

SenSITIVITY IS not re 


ed although the 


some cases 
and are col ipen 
easurements 


mstruc 


Summary 
surtace ot 
_ 
light 


measuring in 


ve Cells 


Buck 


struments have been developed. Instruments 
utilizing the laminated cell construction are spe 
cifically described, including a new pocket light 
meter, corrected for color and angle of light in 
cidence; a low-range precision light meter; and 


a multi-range precision light meter 
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Review of Council Meeting Held in Chicago 


Scheduling the April 
Chicago on 
the 


Exposition 
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International 


Couneil for weekend 
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Lighting 
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presented to Council his 
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recommendations 


torial tor 


pohey 
NEERING. Council voted to accept as a 
guide to publication policy the state 
the Publica 


had 


omn ended by 


The 


ments re 


Committee committee 
that: 


editorial 


tions 
recon mended 
(1) The 


journal follow 


the 
the outline approved 
by Council in April, 1948, in the re 
port of the Task Committee on Editing 


content of 


the Society’s New Journal, as follows 


1. Current lighting installations and 


developments in materials and ap 


plications, presented in easily 


readable form to appeal to mem 
hers and subscribers whose interest 
technical. This in 


s not primarily 


cludes presenting lighting data 


sheet iterial 
h Abstracts or 
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summaries of techni 
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hoth 
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Committee reports In 


within the limitations 


Further, membership 


hest « some of the re 


rst published as digests 
the Publications C 
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onorary degree of Doctor of Illu 
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sel in new developments and improve is 
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ur Society, 
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1948 Con 
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June IE to Feature Trends Indicated at |.L.E. 


the June issue’ ternational Lighting Exposition, held 
Chieago 


March 29 to April 1, af 
forded 


of the 


\ special section of 


ILLUMINATING ENGINEERING s he n 


prepared, to cover im a very thousands people 


menner, an analvsis of the ighting industry opportunity to 


ting design, application study first hand » newest develop 


ind practice as reflected by the ex ment technique On 


application 
hibits and other activities of the enor ‘ver t the four-day 


Third Hall was 


Pictures and pet fe tion ! 1 the morn 


eX position, 


mously successful International open 


Lighting Exposition 
information on the top 24 Merit 


evening 


total of 7000 


tinent 
Award winning installations will be a 
feature iand wome ited the 77 exhibits 
Mav 


Third In 


special 
As already well covered the 


issues of the trade press, t 


GOLD SEAL AWARD Winners, Third International Lighting Exposition. Reading 
from left to right: Front row—Herman G. Johnson, B. R. Bunn, Donald Greene, 
John O. Kvalsten. Second row—J. A. Heffernan, R. E. Hause, G. Chittenden, R. 
Bruce Thompson, Eugene M. Fahey, Walter 8S. Turnbull. Third row—Paul E. Keys, 
J. L. Phillips, C. E. Oswald, H. W. Horn, William M. Rorabough, F. W. Martin, 
B. E. Sanderson. Gold Seal Award winners not shown in the photograph are John 
Christianson, E. C. Hinck, Jr.. Hymen Rosenberg, Robert S. Hoffman, George 
Seiter, and representative for the North Plainfield, N. J., Board of Education 
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Lighting Equipment Section of 
N.E.M.A., sponsors of the Exposition, 
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displaved this 


ference was Light on 


Lighting.” concept of planned 


three years 


igo by 


now accepted wide 


numerous new trends 


vear well exemplified the Show's 
theme 

The Merit 
a feature of the Exposition, 
Gold 
new 
Merit 
Awards for original and outstanding 


All of the 


first 


Award Competition, spon 
sored as 
resulted in 220 winners of the 


Merit with 
this 


Seal Distinetion (a 


group created vear) and 


nstallations win- 


lighting 


ning entries, for the time, were 
displayed in a Gallery of Merit Awards 
period of the Show 
the 14 Gold Seal $100 


(Awards were made at the opening ses- 


throughout the 
Presentation of 
sion of the Conference by R. D. Brad 
Merit Award 
and Carl 
Board of 
14 top winners, together 
Merit Distine 
Awards will be present 
ENGINEER 


lev, Chairman of the 
Competition Committee 
Zersen, Chairman of the 
Judges. The 
with the ten top with 
tion and Merit 
ed in June ILLUUMINATING 
ING, with other details of the Expos: 
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Announced winners of the Gold Seal 
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Pacific Northwest Conference 
Presents Exceptional Program 


rence 


Student Members Available 
After June Graduation 

A number of the S 
Vi 


Beverly 
Seattle, Wasl 
leader, Wolliar 


A BROKEN foot sustained during the Pacific Northwest Regional Conference put 

E. A. Simpson, Chairman, British Columbia Chapter. in a wheelchair, but did not 

keep him from a single session. Pushing his chair is I.E.S. Pres. Lee E. Tayler, 
and shown with him are some of the 29 Conference delegates from Canada. 
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School,” by Mozes, 
and 1 R 
Spokane, Washing 
leader, B 


Davir 
«tric Supply Co., 
son, USBR, 
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ghitin svi 


orning, Marcel 
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General Eleetrie Co... Ne 
C] land, Ohie. (Dise 


*‘Louveral! Design,” 


INLAND EMPIRE delegates 


rman—Ke sh hes 
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i”, hy J ; Vi a Vis o i a tuary 

ting Materials Ltd., inni peg, of ! AV ol ! ’ illur 
enitoha ( Discussion or) t ved fro liv) ' 

shhee. ) 160-foot moun 


tour 


guided 


xture Manufactu 
nation Design D 
MeCulloeh, Sur 


Scheduled trips 
two hewspaper 
beam 


Angeles, ill 


' nn nion o news 
Paul Davis 


cancelled by the 


Los 


eader, 


Dimension in Ligh 
B Buck II, 

Nela Park, ‘ 
ission leader, Jack Dk 


Cleveland 


PUGET SOUND members attending the Pacific Northwest Regional Conference. 
Chairman K. E. Hollingsworth, Chairman, fifth from left, is to immediate left of 
President Lee E. Tayler. Seventeen delegates from this area attended the meeting. 
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New Southern Chapters 
Receive Charters 


CAROLINAS CHAPTER received Official Charter at special ceremonies, Charlotte, 


Left to right, front row, D. W. Woodside, Roy A. Palmer, Chair 


N. C., March 23. 
Standing, left to right, 8. G. Hibben, 


man of the Chapter, and Robert F. Allen 


E. A. Fargis. J. B. Browder, Regional Vice-President, and J. W. Edwards 


Duke the trend of 
1 yer Var vears 


pated that the 
ll 


graduates wi 
nd extended tro 


wugh the enroll 


Engineering Enrollment 
Returning to Normal 


isin 


TENNESSEE VALLEY Charter presentation made at Nashville, March 21. Left 

to right: J. B. Browder, Regional Vice-President, presenting Charter, J. L. Booker, 

E. E. Parks, Bulloch Taylor, Chairman of the new Chapter, Walter Nash, and 
Collin Finney, Secretary 
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LIGHTING CALENDAR 


tion, through 

‘ ve Forum organi 

Society Events 5-9, merican Societ tions. : consistently “dis 
May 11, 1949 M ELS. : hao seaiaiiel ee ee 
. ” seed . 0g , ra ouch regular So 

. j the second suc 
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y & Ventilat nginee ul tot d ‘ terests of interior 
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June 10, 1949-——-S ty of tion P ind o te put such 
Reg ng, ) il te " Some 69 
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Westinghouse Electr orp., Bloon ceived Subjects presented t the to be convineing 


Kelly, Light Forum included th n words. 


o N } r ‘ arnt 
New York, \ Recommended Practice of Industrial would seem re hat various 
course Was under the directio Lighting” by J. Thomas, Chairman I such as plastic, 


llian Eddy, Chairman of th of Montreal Section wood, ete., as well as diffusion 


factors for various 


ums Educational Committee. Serv “Basic Considerations in Industrial insmission 

. . * Siesta .) id 
ine with her were Ruby Redford, Jighting Desien, by W J W iKes ) inslucent panels should 
} 
Chairman of the New York Seetio h, Shawin 


Residence Lighting Forum; Ja 


onsidered in the final ana 
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Marion Browne, Elizabeth i . \ 1 ffrev, ous nds ‘ nsic ita has en included in 
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Ros nd Clarke, Adelaide irl . | 1 it ‘ 1 td \ het! 1 tt ) nended heights 
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and Caroline Horn, Chairn mts 
York Seectior (jood Maintenance Pays,” 0 cannot for the life of me imagine why 
Ward, Holophane Consulting Rep the ! . re made with bare 
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been en ployed I 


ninate glare 


bution 


the eggerate lou 


tae, Mialllens. 1 Colou v" by J. ver was made of white cardboard it is 


tannard The meeti the specular re 
the Howard Johnson Rest o ass 1. «tions, that is to say, the inter-refle« 
outside of Svracuse, N. : i Trust,” ar ! tion ted each louver open 


nard addressed the gather , on erts » answer tons on any ‘ d th ccompanyving “funnel” 
subjects —“The Hluminatn industrial hghting \ not diffuse as stated, but 
Beneti ma,” and veld at t ither increase the incident illumina 


Soecrety revrie 


Service i ~t p oo ' »} on ot the bare lamps used in the ex 
periment 
lay I am looking forward to more “illu 
EAL SECTION a 
vam ating data on the subject and 


The Montreal Seetion has this ‘ cetera s. 


undertaken a series of extracurricuiat [iT SEEMS TO ME 


Forums which have proved to be ar 





important serviee in that area. In ad What, Why and How 


ir regular meetings the The Fallacy of the Howarp M. Suarp:* A study 


ondueted full-seale For Louverall Ceiling contributed papers and committee re 
full-day or halt-day ports over the years of the Society’s 
LOENIG:* t v | nteresting . 1 ; 

important phases ot L. Koen! I see? resting existence will reveal a high 
ote manufacturers’ con nts o . 
' , . my technica competency and scientific 
such forun 2 "tT _—— : © searching for truth Such material 

l ot th auverall Ce gv, 

March 30, on “L t averall ening comprises a record for humanity but 
9 ENGINEERING, p ‘ 
Industry 0 v . 


serves the more immediate pur 


99 , 
- czampts pose ot raising the level of knowledge 


nts } } 
meet nembers and others, and 


itre: : 1 
f RA 1 with the e7 speciied and 
) { \ 

Directed | na \ ae a a ye appears vo ses of civilization 


liehtine pr t S 
ighting practice eans improving the contribu 


which lighting makes to the proe 


the Forum was >t] r s is is the normal process in any 


attended, and enthusiastically : = { science or technology. Any 
in it acquires knowledge 

sources and in many forms, 
ithesizes it through the daily 
living and experiencing 

ted with a problem, or 
knowledge and exper 

» bear, and a solution 

makes no differen hd 

problem is sales, finance, 

onal or technical; through 

processes of the human 

ts of knowledge are mar 

» task. One may make both 

1oOus decisions 


required to document would 


THE “BRAINS TRUST” of the Montreal Section Lighting in Industry Forum. task 
Left to right, Frank R. Jeffrey, J. deCarufel, A. H. Barton, R. A. Eshelby, George _ entities 
C. Cousins, W. K. Wiley, R. Hendershot, A. J. Hoad. ( tes Reaines buf wy 


insurmountable pro 
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md moves people The 
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Thev S n too 
compromls 
the deference 
activities that 
of trving to go 
We do too much 
process ind 
port and po 
\ quotation 


ipply 





Orders Being Taken for 
Data Sheet Series XIV 
Orders ire being taken it 
LES. He niquarters for the first 
sever Lighting Data Sheets of 
Series XIN 
But 
COMPANIES 
md pub 
sheets 
coat 
binder 
hed only by 


(See page 
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able, and they are dead-ended in the 


Lighting Installations of Special Interest 


owe member of the hangers 

The operation of lowering or rats 
State Assembly Chamber, wrmit hoisting into it, whole or part oe a fisture is handled by means of 
Sacramento, California rows of 1 ind provide adequate... «:..hes mounted at 90° to each 


vor Ww Cut-out angers 
The foll a condensation of a . it-out hange a portable winch stand 


M Thayer B. Fa yton of th = ' solution to this prob pele do over traps in the floor of the 


wen swt : shh the assembly chamber 


cables for the two 


fixture unit are acces 
h the same floor trap. This 


} t possible by correctly loeated 

sroomieiiis resen ’ ros } n > o it 

. ; : , oe ntermediate pulleys between the floor 
of the State As shout 

- ap and the hangers. Each winch has 


sembly hamber of the State Capito : ns : +} tton o 

, . . » * ‘ hottor ts own winch line, also of the 1% 

at Sacramento, California, required load 

. ’ cable, which has a tensile strength of 
new tdeas tor their solution " 

“000 Ibs., sufficiently long to lower the 


Obtaming dequate light Wy tt what corporates lighting unit t ie floor level of the 
' “a uh iL ! n 


. ley \ } ow ter ! ’ 4 t uores it s hy on 
at desk level with | emperature _— Peete , : Assembly Chamber. These winch lines 


rise consistent with the capacity of 


combined in’ luminaires are connected to the operating eables 
the air-conditioning system in the t wv 12” lengths. Shielding by means of special connecting links. 
high summer temperature at Sacra I . porn I mean I To avoid the heavy stress on these 
mento was the first) problem, and PISTHATIC LONSOCs link when latching and unlatehing 
therefore fluorescent lighting was u ! ! tw these long the hangers, the operating eables are 
dicated mits | ximately 3° to permit provided with a served-in fastening 
The next was that of providing any individual loop for securing them to the terminal 
sary lumens with minimum ad withou ‘rference with adja hooks and then sufficient additional 
verse effect acoustically and archites t ! this small elearanee length when attached to the winch 

| the effect is that 


turally This could only be answered line; there will be at least three 


by high-positioned luminaires of sp wo con uo 3S wraps of operating cable including 
elal design arranged in continuous ach « , » larg iting t the links, snubbed on the wineh drum. 

. each unit contaming more tubes s supported trom two cut-out hang As the operation must be handled 
than are usually found in commercial ers, reinforeed with oversize axles and “blind,” i.e. without being able to see 
fixtures connecting bolts to safely handle fix through the operating floor. an inter 
weights of 400° Ibs The large 


The maintenance of this lightu ture 


communicating ‘phone is used to re 
equipment at low cost, whenever center fixtures, witl 12 tubes and eeive instructions from the mainte 
needed and without using seaffolds or necessary ballasts, 1 ho approx nanee man on the assembly floor 

platforms, seemed the most difficult mately 350 Tbs. each To make possible complete check 
proble m as there was no talse ceiling The operating ¢ thles for the hang 


anv unit when it is lowered 


rh “3 7 . preformed airerat servicing, a special test block was 


with space above sufficiently h 


Photo at left shows the State Assembly Chamber, California State Capitol, at Sacramento, California, under the new 

fluorescent lighting installation. One 8-foot 12-tube fluorescent fixture, in process of being lowered for servicing, is 

guided by the service man on the floor, using intercommunicating telephone. Center photo illustrates the method of low 

ering and raising the special fluorescent fixtures through the traps in the floor of the room above the Assembly Chamber. 

Note the two winches mounted on the portable winch stand located over one of the traps in the floor. At right, a dis 

connected and lowered fixture is undergoing servicing and testing, energized by special test blocks. Photographs courtesy 
of Hub Electric Co., and Thompson Electric Co. 
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old cathode l NEW MEMBERS 
evaluated, 
At the eeting of Council held on 
» 1949, the following were 
ne? bership 
the new 


} rimore CH 
ed by 


in Laco Lan 


New Orleans Lighting Center 


| } ’ » new ‘ , ; . vhere they cat j ‘ my . C., Canada 





New Orleans Lighting Center. Right, Store lighting is effectively demonstrated, both general interior illumination and 


display. Show window, show case, niche, etc., lighting of varying levels can be shown. Spot, flood and silhouetting 


techniques can be studied. At left, overall view of the new Lighting Center “Light for Profit,” at the New Orleans Pub 


lic Service Co. Latest applications of lighting techniques are on display 
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Donnell, J sep! 
cation, Chicago, 

Ixsociate Members 

Florek, Edward J., Westinghous« 
trie Supply Co., Chicago, I}! 


Hultgren, W., Hultgren Eleetri 
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wiate Members 

infield, Donald M., Svlvania 

Products, Ine., Cleveland, Ohi 
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B., Hevl-Bond-Miller, A 
y . Pa 
Russell H 
Bovertown, Pa 
Housum, Willia: 
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Schnorbus, W B.S 
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Roberts, 


Bb. Schnorbus 
('e., Houston, Texas 

R. A., William B. Terry Or 

ganizations, Ine Houston, Texas 


SOUTHWESTERN SECTION 
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Friends of Carl A. Atherton, 
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which almost cost 
of one eve \ block ot 
from his ax at his New 
mereed his eveball, 
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his sight. Mr. Ath 


lew 


the effort to save 
has returned tor a 
dav to his with the 


Westinghouse Co., 


ertor now 


hours each duties 
and 
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International 


s continuing his 


A. H. Nicoll, presi 
bar Eleetrie Co., 
of the New York Rotary 
meeting held 
York City. He will take 
succeeding Harry D 
Mi Nicoll, viee 


member 
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was elected president 
Club at its 
recently in New 
office May 5, 
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president of the 
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tor tour 
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member of the board of direc 
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Dr. Elmer C. 
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ny and seientifie program for im 
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assistant director 
Baker 
with the 


Laboratories 
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of research for the J. T Chem 
eal Co. and issociated 
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1939 to 
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Telephone from 
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G. Gordon Saffer «ot maha, Ne 
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According to an announcement by 
Manage r, 
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Kansas, and 
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Robert L. Zahour has 
Westinghouse 


eld, N. J., 
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to Ralph 
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Westinghouse Lamp 
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graduation 
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inghouse to head 
electrification promotion for the Con 
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ford In 1950, he reeeived his Mas 
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Connecticut, New 
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cleties, representing the Twin 
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Westinghouse 
tube research at the L: 
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lamp electronic 
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the development of the atomic 


which 


bomb 
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SUSTAINING MEMBERS 


Acme Electric Corp. 


Cuba 


Admiral Lamp Manufacturing Corp. 
2430 5S Ashland Ave Chicago, I 
FP. Schwartz 

Advance Transformer Co. 
1122 W. Catalpa Ave., Chicago 40, I 

Hirsch Epstein 
Alabama Power Co. 
Birminghar Ala George L 


an _Bright Blectric Products Co. 
N. Kedzie Ave., Chicago 18, I 
Ma 


Morris 


Amalgamated Electric Corp., Ltd. 
84 Pape Av Toronto. Ont.. Canada 
D. W. Patt 


American Concrete Corp. 
4727 North Lamon Ave., Ch 


American Fluorescent Corp. 
“ 


407 Broadway, Chicago, I 


American Sterilizer Co. 
Erie, Pa 


Appieton Electric Co. 


1701-1729 Wellington Ave 


Arkansas Power & Light Co. 
Simmons National Bidg., Pine Bluff 
Mar Suddut 
Art Lamp Corp. 
o WwW Fulton St 


17 


The Art Metal Co. 
1814 E. 40th St., Cleveland 


tthar 


Artistic Lamp Manufacturing Co., Inc. 
195 Fourth Ave New York 16, N. ¥ 
Myron Pe 


Imutter 


Bausch & — Optical b ee 


Rochester 2 


Benjamin Miectric Mfg. Co. 


John H. Waterbury 


Des Plaines, Il 


Blue Ridge Giese Corp. 
Kingsport, Te yen 
Board of Water and Electric Light Com- 
missioners 

116 W 
+ Mich 
Boston Edison Co. 


» Boylston St Bostor 


Lewis 


Ottawa St P.O. Bex 57 Lansing 


John D. Malnight 


Bright Light Reflector Co., a. 
Fairfield & State, Bridgeport 5 nt 

C. BE. Scholl 
British Columbia Electric Rwy. Co., Ltd 
57 bunsmuir St, Va er, B. C., Canada 
H t 
Brockton Edison Co. 


6 Ma St Brocktor 7, Mass 


Bufale Niagara Elec. Corp. 

Buffak N.Y 

Edward F. Caldwell & Co., Inc. 

101 Park Ave, New York 17, N 
E 


California Electric Power Co. 


P.O. Box 512, Riverside, Calif 


Cal-Lite, Inc. 


12600 S. Yukor 


Calpa Products Co. 
4116 Chester Ave, Ph elphia 4 
Paul 


Cambridge Electric — Co. 
46 Blackst 


ne St.. Cambri 


May 1949 


Canadian General Elec. Co., _ 

212 King St Toronto, Ont VW 
Canadian Laco Lamps, Ltd. 

745 Guy St., Montreal, Que 

Canadian Line Materials, Ltd. 

Postal Station H, T 1 Ont Canada 


L. EB. Messinger 


Central Hudson Gas and Elec. Corp. 
Market St., Poughkeepsie, N .¥ 
Ht 


Dexter 


Central Dlinois Light Co. 
16 Jefferson Ave. 3 Peoria 2, Il 


R. K. Dalla 


Central Dllinois Public Service Co. 
607 E. Adams St gfield, I B.L. Palm 


Spring 


Central Maine Power Co. 


) Green St., Augusta, Maine Roland W. Hess 


Central New York Power Corp. 
Erie Boulevard W Syracuse, N. Y 
L. D. MeCorma 


Central Power & Light Go. 
P.O. Box 2121, Corpus Chris Texas 
James M. Williams 


Champion Lamp Works Div. of Con- 
solidated Blectric Lamp Co. 


600 Broad St., Lynn, Mass Ellery H. Raddin 


pony gr erengy Lamp Works 
) North Ogde Chicago, I 
Edward M. Polle 


Cincinnati Gas & Electric Co. 
Fourth & Main Sts., ¢ 


cinnati 1 


Circlite Corp. 


18 S« ‘ 


City of Burbank, Public 
Service Department 


74 W. Magr a Boul 


Calirornia 


Calif 
imbridge 


evard, Burbank 


J. H. Met 


City of Gsendate Public Service Dept. 
119 N. Glendale A Glendale 6, Calif 

P. Diederich 

City of Riverside Electric aight Dept. 

854 Mulberry St Riverside, Ca 

L. W. Grayson 

City of Seattle, 
Puget Sound 

1 Third Ave Seattle 4 


Dept. of Lighting — 
Wash 


P. C. Ss 


Colonial Electric Products —" 7 ane. 
1-115 Market St Paters« 


Wallace " w 0d 


Colonial Premier Co. 
466 W. Superior St., Chicago 11 


Commercial os Ge. 
841 W. Washingt 


Commonwealth Edison Co. 
72 W. Adams St., Chicago 9 
Ralph 


The Connecticut Light & gr oe 
2 Freight St., Waterbury 
Consolidated Edison Co. of N. Y¥., Inc. 
4 Irving Place, New York N.Y 

Clarence Lau 
Consolidated Gas, Elec, Light & Power 
Co. of Baltimore 
1 W. Lexingtor t., Balt re 1. Md 

a. @. 2 


Consumers Power Co. 
higan Ave. W., Jackson, Mict 


D. BE. Karn 
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Consumers Public Power Co. 
1452-25th Ave Colur Nebraska 
. 


nbus 

Sinke 

Corning Glass Works 

Corning, N. Y 4.8 

Coyne Electrical School, Inc. 

5 ina St Chicago 7, Il 
John Hanan 

Crescent Electric Supply Co. 

765 lowa St., Dubuque, lowa 

Titus B 


Tylor 


0 So. Pau 


Schmid 

Crouse-Hinds Co. 

Syracuse 1, N. ¥ A.E 

Crouse Hinds Co. of Canada, Ltd. 
Labatt Ave, Toronto, Ont FP. R 

Curtis Lighting, Inc. 


61 W. 65th St 


Clarke 
Jeffery 


Station, Chicago 

Darwin Curtis 
Curtis Lighting of Canada, Ltd. 
195 Wicksteed Ave Leaside, Toronto 12, 
Ont H. L. Wright 
Cutler a Manufacturing Co. 

N 2d St., Philadelphia 21, Pa 
Robert T. Cutler 

Dallas Power & Light Co. 


1506 Commerce St., Dallas 1 


Clearing 


8, In 


6.28 


Texas 
W. G. Moore 
Day-Brite Lighting, Inc. 
5401 Bulwer St., St. Louis 7, Mo 
J. Biller 
The Dayton Power & Light Co. 
N Main St., Dayton, Ohio 
H.S 
Dazor Manufacturing Corp. 
4483 Duncan Ave., St. Louis 10, Mo 
P 


Nonneman 


L 


Delaware Power & Light Co. 
600 Market St., Wilmington 99, Del 
W. A. F. Pyle 


Dept. of Water & Power, City of Los 
Angeles, Bur. of Power & Light 
Box 3669 Terminal Annex, 207 So. Broadway, 
Los Angeles 54, Calif C. P. Garman 
Detroit Edison Co. 
2000 Second Ave., Detroit 26, Mich 
L. BE. Tayler 
Detsels Steel Products Co. 
22 E. Grand Blvd., Detroit 11, Mich. 

W. Clifton Randall 
Dobkin Electrical Supply Co. 
29 W. Madison St., Chicago, Ill 

Jerry Dobkin 


B. I. duPont de Nemours & Co., Inc. 

(Pabrics & Finishes Div.) 

Wilmington 98, Del 8. Ww 

Duquesne Light Co. 

435 Sixth Ave., Pittsburgh 19, Pa 
G. W 


Quisenberry 


Ousler 


Duro Test Corp. 
Hudson Blvd 


2321 North Bergen, N. J 


James L. Coz 

Eastern Fixture Co., Inc. 
70 Vernon St., Boston 20, Mass 

Louis Gilman 
Bast Side Metal Spinning & Stamping 
Corp. 
1 W 4th St _. = 
M.A 


New York 1, 
Kremer 
Ebasco Services, Inc. 
2 Rector St., New York 6, N. Y 
Wk 
Efengee Electrical Supply Co. 
671 W. Washington St., Chicago 6, Il 
Louis Coleman 
Electrical Information Publications, Inc. 
20 E. Miflin, P.O, Box 232, Madison, Wis. 
W. N. Dudley 
Electrical Testing Laboratories, Inc. 
& East End Ave., New York City 21, 
Preston S. Millar 


Parrott 


7y¥tn St 
N. Y¥ 
Elec. Service Mfg. Co. 


17th & Cambria Sts., Philadelphia 32, Pa 
A. Leinroth 
Electric Supply Corp. 
701 W Blvd., Chicago 6, Ill 
L. B. Mangione 


Jackson 
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Blectro Manufacturing Corp. 
> W. Paul 


: ton St Ch 


ago 12, Ill 
Ks 

Blectrolier Mfg. conga, Ltda. 

849 Boyer St.. Montreal, Qu Canada 


John lasenman 


Ender ae ow 
We St.. New N 
J 


eee oe Supply Co. 
k 
yameus Fluorescent Light Co. 
N. Ogde Av > ‘< 
k | 


Federal Bilectric Company, Inc. 


An H. Goehat 


a Gas e Blectric Light Co. 
Main 8 ‘ irc. Mass 4.0 


Neal 


Fluorescent — 7 Mfg. Co. 
Cleveland 14, Ot 
Leonard 8S. Fr 


Super 


wenevessens snatatenance Co., Inc. 
is s : BK i r 


‘ 
‘ 


Fiuores-O-Lite Co. 
Evans Terminal, No. t ist, H 
Meyer H 
The Fostoria Pressed Steel Corp. 
b 


steria, Ob L. Bates 


HK. A. Framburg & Co. 
2 8 Car Ave ‘ 


The France Mfg. Co. 


He » Rd 


The Frankelite Co. 
142 Rockw Ave Ch and 14 o 
Dat Franke 


Franklin Design Service, Division of 
Safeway wna Inc. 
éth & Jackson St P.O. B 
The Prink Corporation 
1 HKridg Plaza Nor Long and City 
y Theo. J. Brassel, Jr 
Blectric Co., Inc. 


1 


Gallagher-O'Brien 
rf N State St cr azo (1 


Frank A. @ 


Garden City Plating & Mfg. Co. 

s Ashland Ave, Chicago 22 

G. G. Harne 
meee iy Dept. 


General Blectric Co., 
ta N. ¥ PD 


General 


Lamp Dept. 


Electric Co., 
Wad 

Blectric Supply Corp. 

ton Ave ; Cor 


et 


General 
, ’ igey 


“ 


General Lighting Products Co. 


Nathan H. FE 
General Outdoor Advertising Co., 
( RI 


The Georgia Power Co 
r a) ! \ t 


Gibson Manufacturing Co. 


Gill Glass & Fixture Co. 
A = i sa = ad 
Gillinder Brothers, Inc. 
Erie & ert ~ t « 
Plet 
Gleason-Tiebout Glass Co. 


Globe Lighting Products Co., 
7s t 4 ! k N 
Golde Maneafactaring Co 


Ma ( a 


TELE 


ar Rapids Store Equip. Co. 
Monroe Ave. N. W., Grand 
Mich Kenneth C 
Graybar Blectric Co., Inc. 
New York 17, N. ¥ 
Raymond C. Kinney 
Gulf States Utilities Co. 


Box 2951, Beaumont, Texas Clare 

The EBdwin F. Guth Co. 

¢ Washington Ave, St. Louis 3, M 
Fred E 


Rapids 2 
Welch 


42 Lexington Ave 


nee Barron 


Guth 
Mastsore Electric Light Co. 
Hartford Conn 

Victor Ouellette 


Hawkins pestete Co. 

‘4 Washingt 1. Chicage Il 
Rk 
HMendrickson- e@ornen Co., Inc. 

i nd Cit 


Holdenline Co. 
Sera : Ohio 
E. Ingraham 
Holophane Company, Inc. 
42 Madison Ave New York 17 
H. L. Legan 
Houston atgnting a Bower Co. 
PO. Box 1 Houst« 1, Texas 
H#.0 
myane- Blectric Power Comm. of Ont. 
Ay Toronto. Ontaric 
RL 
Hyland Blectrical Supply Co. 
West Jackson Blvd., Chicago, Il 


Chas. H. We 


Clarke 
Hearn 


censang 


Illinois Power Co. 
4 East Main St L. Box 511 B), Decatur 
Wyck 


ilen Van 


ee Bngineering Co. 
47 } Nine Mile Road, Hazel Park, Mich 
Bert C. Pr 
Towa- Diinois Gas & Blectric Co. 
nit Bldg.. Davenport wa 
John M. Holl 
Iowa Public Service Co. 
Waterloo, lowa 
0. R 
Jeannette Shade & Novelty ay 


urth St.. Jeannette, Pa N 


Jefferson Electric Co. 
Bellwood, | 


etzer 


j Com reial St 
Wagoner 


Crock 


L. Mauwerer 


Jersey Central Power & Light Co. 
Girand Ave Asbury Park, N. J 


Thomas RK. Dobson 


Joleco Corporation 
Baldwin St St. Louis, Mo 


George Ledbetter 


Jones Metal Products Co. 
West Lafayette, Ohio H 


conga =. & Supply Co. 


Morgar b igo 9. I 


J. 
Kaha Manufacturing Co., Inc. 
Wis 
Charles F 


Boyer 


Fahey 


N. 19th St.. Milwaukee 


Kahn 
Kansas City Power & Light _ 


©. Box 679. Kansas City 1 


John M “Arth r.dr 
Kansas Gas & a Co. 
i I x 1 “ hita ans 


The Kawneer Co. 
N 


The Kayline Company 
45 22nd St.. Clevelar 
Kelso-Burnett Electric Co. 


Jackson Biwd Chicago 
Sigmund A 


6, ill 
a Electric Manufacturing Co. 
adelphia 34, Pa 
Leonard M. Siegel 


Tioga St., Ph 


The Kirlin Company 

i t Jefferson Ave Detroit 7, Mich 
Ivan Kirlin 

Kopp Glass, Inc. 

s 1 Pa " C. Aahe 
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Kubec 
630 W 


Bilectric Uv. 
Jackson Bivd., Chicago 6, Il! 
Pred A. Girten 
The La Salle Lighting en Inc. 
145 Seneca St., Buffalo 3, N 
Nelson * Zicherman 
Leader Electric Manufacturing Corp. 
0 N. Kedzie St., Ch zo 18 ll 
Walter Glass 


The Leeds & Northrup Co. 
401 Stenton Ave, Philadelphia 44, Pa 
I. M. Stein 


The Leland Electric Co. 

1501 Webster St., Dayton, Ohio 
Harold A. Cline 

Libbey Owens Ford Glass Co., Plaskon 

Division 

2112-24 Toledo, Ohio 


Dr. M. A 


Sylvan Ave 
Bigelow 


Light Control Company 
7 Casitas Ave Los Ange 


217 Calif 
Stanley FE 


Lindadl 


les 26 


Lighting & Lamps 
114 East 32nd St.. New York 16, N. ¥ 
James Krieger 


Lighting Incorporated 
1834 So. Figueroa St.. Los Angeles, Calif 


Harry Marsh 


Lighting Products, Inc. 
2259 W. Park Ave., Highland Park, Il! 


D. E. Dunne 


Lightolier Co. 
11 East 36th St.. New York 16, NW. Y 


H. Stolinitz 
Line Material Co. 


800 North &th St 


Wis 
M.C 


Milwaukee 1 
Harsh 


Litecontrol Corp. 

Watertown 72, Mass 
Paul H 

Louisiana Power & ~ ag A Co. 


142 Delaronde St, Station 
La é I 


6 Pleasant St 


Lamson 


New 
Osterberger 


Orleans 


Luminator, Inc. 
120 N. Peoria St ago 7, Il 

Albert L. Arenberg 
T. BR. Lyda Manufacturers Rep. 
4922 Washington Bivd Indianapolis ad 

T 2 Lyda 

Lynn Gas & Electric Co. 
10 Exchange St Lynn, Mass James A. Cook 
Macbeth Corp. 
27 West 17th St New York, N. Y¥ 


sa VYorman Macheth 
—— Electric Co. 

7 Pleasant St.. Malden, Mass 
Donald S. Bennett 
Blectric Products, Inc. 
Buffalo 


Markel 


145 E. Seneca St 


Markstone Manufacturing Co. 
1917 N. Springfield Ave. Chicago 47, Ill 
MJ. Marks 


La Cie Martineau Electrique Lte. 
24 rue du Roi, Quebec, Canada 
Henri Martineau 
Metalcraft Products Company 
16-08 Cherry St., Philadelphia 6, Pa 
Alex Abe 


Metal Window Institute 
Cheltenham, Pa ieorge Hingston 
Metropolitan Edison Co. 
412 Washington St., Reading, Pa 

E.J. Ingram 


Metropolitan Electrical Supply Co. 
Jefferson St., Chicago 6, I 


H. J. Privat 


amaweet Ghantelier Co. 
1 & Gen ts. No. Kansas City 16, Mo 
Sidney Lefkovitz 
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The Miller Co. 


Mississippi Glass Co. 
220 Fifth Ave.. New York 
Hobbie 
Mississippi Power Co. 
Gulfport, Miss R 
penn Power & Light Co. 
on Building, Jackson 113, Miss 
Henry B 
Mitchell Manufacturing Co. 
2525 Clybourn Ave Chicago 14, I 
Bernard Mitchell 
Mobilite Inc. 
440 Mercer St.. Jersey (¢ 
Modern Light Co. 
12 Pine St., St. Louis 
Karl Rundberg 
Modern Light & Equip. Co. 
812 S. Wabash Ave, Chicago 
Moe-Bridges Corp. 
1415 Illinois Ave. Sheboygan, Wis 
J. G. Rainey 
Montana-Dakota Utilities Co. 
B21 Second Ave. Sc Minneapolis 2, Minr 
“ I Hayes 
Municipal Light and Power Dept. 
City of Pasadena. Californ 
Pasadena 1, Calif EE. 1 
Mutual Sunset Lamp Mfg. Co., Inc. 
»40 Empire State Bidg.. New York 1, N. ¥ 
Morris Thau 
The Narragansett Electric Co. 
49 Westm Providence 1, R. I 
C. R. Broadhead 
Mational Chemical & Manufacturing Co. 
Luminall Paint Div. 
1617 So. May St... Chicago 9, Ml 
John Marshall Zi 
National Lighting Products 
4221 W. Harrison St.. Chicago 24, I 
DJ 


Nall 


Bettannier 


a x02 City 


Epp 
Nebraska Power Co. 
720 Electric Bidg.. Omaha 2, Net 


G. A Walker 


Nelson-Tombacher Co. 
81 Prospect St., Brooklyn, N. Y¥ 

MJ 
New Bedford Gas & Edison Light Co. 
693 Purchase St ew Bedford, Mass 

W. S. Fenatermacher 

New Orleans Public Service, Inc 
17 Baronne St., New Orleans, La 

S. L. Drumm 
New York Power & Light Corp. 
Albany 1 Coburn D 
Northern Electric Co. Ltd. 
1620 Notre Dame St.. West, Montreal, Quebex 

F. P. Labey 
Northern Indiana Public Service Co. 
Gary Div. 

0 Broadway 
Northern States Power Co. 
Minneapolis 2, Minr Carl 7 
Ohio Edison Co. (Akron Div.) 
Akron 8, Ohio R. FP 
The Ohio Power Co. 

1-315 Cleveland Ave Ss. W 


Tombacher 


Hollister 


Gary Ind J. Sack 


Bremicker 


Cantor 
Cc 
The Ohio Public Service Co 
P.O. Box 6058, Cleveland 1, Ohio 
Cc.L 
Oklahoma Gas & Electric Co. 
Box 1498, Oklahoma City 1, Okla 
E.W 
Omaha Public Power District 


720 Electric Bldg.. Omaha 2, Net 


Dunn 


raska 
E. Schwalm 
Overbagh & by ae Mfg. Co. 
411 S. Clinton St., Chicago 77, I 

Alfred A. Ove 
Pacific Gas & Electric Co. 
245 Market St.. San Francisco 5, Calif 


oO. R 


Doerr 

Pacific Power & Light Co. 

522 Publi Bidg., Portland 4 
0.4 


Oregon 


Root 


Service 


may 1949 


Peerless Electric Ltda. 
10 Pratt Ave., Outremont, Quebe 
L. A. Van Duze 
Wm. Penn Fluorescent Light Mfg. Co. 
1639 So. Broad St., Philadelphia, Pa 
William Ranieri 
Pennsylvania Blectric Co. 
Vine st Johnstown Pa 


Frank R. Knowles 


Pennsylvania Power Co. 
I Washington St New Castle, Pa 
P. G Dingledy 


Pennsylvania Power & Light Co. 
401 Hamilton St Allentowr Pa 
J Stedman 
Pennsylvania Wire Glass Co. 
612 Market St., Philadelphia 
Dr. Frank W. Pre 


The Perfeclite Company 
i4 I 40th St 


Cleveland, OF 
Joseph 


Philadelphia Electric Co. 


l 0 Chestnut St Phi b 


adelphia 


H 
Philadelphia Blectrical & Mfg. Co. 


28 North Ist St Philadelphia 21, Pa 


Phoenix Glass Co. 

Monaca, Pa 

Pierce Blectric Co. 

7 West Adams St Chivage 
John 

Pittsburgh Fiate Glass Co. 

Bidg., Pittsburgh 19, Pa 

R. B. Tucker 


(rrant 


Pittsburgh Reflector Co. 
4 411 Oliver Bldg Pittsburgh 22. Pa 
H. ¢ 


Zinameister 


Polaroid Corp. 
730 Main St., Car Mass 


W alte 
Portland General Electric Co. 
I Bidg., Portland 5, Ore 
The Potomac Edison Co. 

k Washington St Hagerstowr Md 
S. S. Bradford 

Public Service Co. of Colo. 
900 Fifteenth St., Denver, Colo G.B 
Public Service Co. of Indiana, Inc. 
110 N. Illinois St., Indianapolis 9, Ind 

G. O. Stewart 
Public Service Co. of ey Dlinois 
72 West Adams St. Chicag 


bridge 


ectric 


Buck 


G : 
Public Service Co. of a 
Box 2 Okla N. Re 


Public Service Electric & Gas Co. 
80 Park Place, Newark 2, N. J 


Hardacre 


1, Tulsa 2 binson 


H. P. J. Ste 
Puget Sound Power & Light Co. 
860 Stuart Bidg., Seattle 11, Wash 


Frank Mel 


inmetz 


rughiin 


The Pyle-National Co. 
l 4 N. Kostner Ave Chicago 51 
T. E 


McDowell 

Quadrangle Mfg. Co. 

So. Peoria St., Chicago 7, Ill 
Dwight E 

eee Gomsatoston 

West r 


Worrell 


Quebec 


107 Craig St 


Quebec Power Co. 
229 St. Joseph St., Quebec, Que 
Jean 


Saint Jacques 


Rambusch Decorating Co. 
40 W. 13th St.. New York 11, N. ¥ 
Edward Rambusch 


Revere Electric Mfg. Co. 
6009-17 N sroadway, Chicago 4 Ill 
Van N. Merker 


Revere Electric Supply Co. 
7 West Jackson Blvd.. Chicago, I) 


Floyd Fernau 


Ritter Co., Inc. 
4 West Ave Rochester 11. N. ¥ 
Gordon K 


Cameron 
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Rochester Gas & Electric Corp. 
#9 East Ave, Rochester 4, N. Y 
Frank ¢ 


Rockland Light & Power Co. 
Nyack, N. Y D. 8 


Taylor 


Schaab 


Rohm and Haas Co. 


222 W Washington S« Ph 


1 sdelphia 5, Pa 


F. W. Tetzlaff 
Ruby Lighting Corp. of California 


Angeles, Calif 
Ben Ruby 


So. Olive St., Los 


Buby- -Philite Corp. 
ens Bivd., Long Island City 1, N. Y 
Louis Philips 


2-02 Que 


Rumsey Electric Co. 
1007 Arch St., Philadelphia 

W. Lauer 
Ryall Electric Supply Co. 


1160 Stout, Denver, Cok Cc. 0 


Ryall 
S & M Lamp Co. 


119 West 36th Place, Los Angeles 54, Calif. 


Jim Shirrefe 

The Safety Car Heating & Lighting Co. 
P.O. Box 904, New Haven 4, Conn 

Leonard Pierson 

St. Joseph Ry., Light, Heat & Power Co. 


20 Fran Joseph 2, Mo 
P. O'Connor 


is St., St 


Sandee Manufacturing Co. 
0 Foster Ave., Chicago, Ill 
Sprankle 


Sandel Manufacturing Co. 
618 So. Loomis Place, Chicago 9, Ill 
A. L. Sandet 
San Diego Gas & Electric Co. 
P.O. Box 1831, San Diego 12, Calif 
A. E. Holloway 
Savannah Electric & Power Co. 
Savannah, Ga J.1 
Schockett Electric Co. 
1061 Broadway St., Denver 3, Colo 
Carl Schranz, Jr 
Schomer Electric Supply 
164 S. Broadway, Aurora, I!) 
Daniel Schomer 


Davidson 


The Scott-Jaqua Co. Inc. 
16 Indiana Terminal Warehouse 
dianapolis, Ind C 


The Albert Sechrist Mfg. Co. 


7 Logan St 


1717 


Bidg., In 
A. Jaqua 


Denver 5, Colo 


K. I 


Francis 


L. J. Segil Co. 
2500 W North Ave Chicage Il 
Louis Rosenstein 


Shawinigan Water and Power Co. 
600 Dorchester St W., Montreal, Que 
J. KE. Wilson 
The Sherwin-Williams Co. 
101 Prospect Ave.. N. W Cleveland 1, Ohio 
J. A. Meacham 
The Sight Light Corp. 
P.O. Drawer C, Deep River, Conr 
BE. L. Canfield 
Silvray Lighting, Inc. 
R. K. O. Bldg Radio City 
N. ¥ 


New York 20 
J. M. Gilbert 
Sioux City Gas & Electric Co. 


15 Fifth St., Sioux City 4, lowa C.R 


A. L. Smith Iron Co. 
217 Everett Ave 


Tracy 


Mass 


Joseph Fishman 


Chelsea 


Smoot-Holman Co. 
321 No. Eucalyptus Ave Calif 
Hobbs 


Inglewood 
L.A 
Sola Electric Co. 
4633 W. 16th St., Chicago 50 
Marschall 
Solar Light Mfg. Co. 
1357 8S. Jefferson St.. Chicago 7 Nn 
A. Lazerson 
The Solex Co. Ltd. 
280 Faillon St., West, Montreal, Que 
Leon Beauchamp 
Southern Calif. Edison Co., Ltd. 
601 West 5th St.. Los Angeles 53, Calif. 
G. M. Rankin 


321 








Southern Canada Power Co. Ltd. Toronto HMydro-Electric System Westchester Lighting Co. 
n, N 


Ja s \“ t Montrea Que 4 Carite = Toronto 2. (nt » South Ist Ave Mt. Verno 


Searpe 2. Atenas : war Westinghouse Electric Corp. 
Southern Colorado Power Co. Torstenson Glass Co. 1216 W Sth St.. Cleveland 2, Ohio (P.O 
‘ Sheffield Av ! I Box 5817 FP. White 
‘ “ Vv r " 
won = =6Westinghouse Electric Supply Co. 
Southern Indiana Gas & Elec. Co. Triangle Industries 113 North May St.. Chicago 7, I 
0 x 69. Eva e nd W. Adams St., Ch Henry Crech 
C. B. ¢ — Westinghouse Lamp Div. 
Southern Lighting Mfg. Co Tru-Lite Ltd. Bloomfield, N. J s 
ss Sa: Soe ne . _ =e asi 4, West Penn Power Co. 
~~ ! V t Pittst >} 


G. Hibben 


Southwestern Gas & Elec. Co. Underwriters’ Laboratories, Inc. Harry Restofsk 
: a == ms, % ago 11, | er Insulated Wire Co., Inc. 


1 , 
Ferd am srora St.. Waterbury 91. Contr 


y mag tons Public Service Ce. Union Electric Co. of Missouri 


A s s iis 


Wheeler Reflector Co. 
Sperti Blectric Mfg. Corp. Union Metal Mfg. Co. m ; . re Se 
* me . ~ ree ‘ Oo W. A. Porter Wiedenback-Brown Co., 
The Spero Electrical Corp. The United Mluminating Co. A Eighth Ave., New 


I ; seke R. & W. Wiley, Inc. 
United Manufacturing Co. » Dearborn St., Buffalo 7 . 
Div. United Advertising Corp. H 


‘ Ne 


H 


Stanley Electric Mfg. Co 


H. B. Williams Products Co. 


" , 3 8 Main St., Cartha 


Steber Manufacturing Co rPeRW 
R Rd i { Utah Power & Light Co. s . 
: : Wilmot Castle Co. 


r 


n ter N 
Steiner Blectric Co. ¥ 
M BE. H. Grepp 


4 Verd-A-Ray Corp. 
' Fr St. 7 i J. A. Wilson Lighting & Display Ltd. 
Sterling Reflector & Mfg. Co John C. Virden Co. ’ Morrison St., Toronto, Ont / A. Wilson 
49 West G iA ( AZ f nef Ave r ‘ The Windsor Utilities Comm., Hydro 
ee Sane ’ ‘ Div. 
John C. Virden, Ltd. 49 ¢ » St, W Wind Ont 


Sunbeam Lighting Co. 
8 “ i. Shaw 


‘ ace 


Ang . 
Herbert I ger Pp. ¢ rkpatr The Wiremold Company 


Sun-Ray per nga oe Virginia Blectric & Power Co. Hartford 10, ¢ D. Hayes Murphy 
Sou { 4 ie . ’ 
: ' ‘ Wisconsin Electric Power Co. 
Put Service Bldg., Milwaukee 1 
Sylvania Electric Products, Inc. nem gh ge , . GW 
. kN Y iN : St I a2 
Wisconsin Gas & Elec. Co. 
1 Wis 


Third St., Racin 


Pp 


Tampa Electric Co. The F. W. Wakefield Brass Co. 


j 


«ta A 


‘1. F. Wakefiele Wisconsin Power & Light Co. 
The Washington Water Power Co. = ae Re ae = D 
0 ’ r 44 Spokane ¢ Wast 
Carl L. Hoffma Wisconsin Public Service Corp. 
\ 4 


The Watson Standard Co. 
Gia 4 t rg Worcester County Blectric Co. 
Thawer | , 11 Foster S Worcester, Maes 
Toledo Edison Co. The Welsbach Corp. Pred EB. Littlefield 
> nut St., Philad I Yonkers Electric Light & Power Co. 
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Model No. 3020—4-Lamp 
SLIMLINE with Louver 
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Rion: across the country, businesses of every 
kind ate turning to MITCHELL “Slimline” to 
get the “selling” light they need. It’s uncanny 
how one installation sells another—in whole 
communities the commercial lighting swing is 
to MITCHELL “Slimline”, 


Progressive businessmen prefer this hand- 
some, smooth, powerful lighting that creates a 
traffic-building sales-inviting atmosphere. 
They like the way MITCHELL “Slimline” puts 
appeal into merchandise, makes it more de- 
sirable and easier to sell—the way it produces 
measurable increases in sales and profits. 


This user acceptance builds volume business 
for the wholesaler. MITCHELL “Slimline” in- 
stallations are easy, smooth jobs for the con- 
tractor—time-saving profitable business. And 

Thames Rexall Drug Stores: arn ‘ utility men can recommend this superior light- 
io tee Texas. An exceptions’ § ing with confidence. 
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Write for complete descriptive 
literature covering MITCHELL 
Slimline fixtures. Ask for Bulle- 
tin No. 322 describing 4-Lamp 
units; Bulletin No. 339 describ- 
ing 2-Lamp units; Bulletin No. 
334 describing spotlight units. 
for use with Slimline fixtures. 


First Choice in Lighting 
. h, o 
bin & Smalley Florists, PEAITCHELL ; 
> ee o 8 Si sete fixtures Mitch il M f 4 Cc 
- 30208 Slimline ies itche anutacturing Company 
i 2525 Clybourn Avenue « Chicago 18, Illinois 
In Coneda: Mitchell Manufacturing Company, Ltd., Torente, Canede 





The Oriental Gardens 
indicate the natural beauty 
which surrounds the 
French Lick Springs Hotel 
In the background is Pluto 
Spring, most famous of the 
three mineral springs at 
French Lick 


French Lick has two 
challenging golf courses, 
plus a tricky pitch-and-putt 
course of nine holes. Other 
sports facilities include 


swimming in an outdoor 
] 9 4 9 | F and two indoor pools 
horseback riding, tennis, 


NATIONAL TECHNICAL CONFERENCE = Sctem, xopet tp 


FRENCH LICK § 


INDIANA SEPTEMBER 19-23 





This year’s IES National Technical Confer- 
ence will NOT be ‘‘just another conven- 
tion.’’ Here are some of the features: 


e An outstanding technical program planned by 
the Papers Committee, with appropriate time 
allotment for each paper and a minimum of 
parallel sessions. 

Real fellowship with other IES members, because 
all meeting halls, dining areas and personal 
rooms are in the hotel building 

A rare opportunity to combine business with 
relaxation and pleasure 

Organized activities for the ladies, covered by a 
reasonable registration fee with no extra charges 
for planned social affairs 

Unusual entertainment, with planned relaxation 
on all four nights of the Conference. Details are, 
of course, a secret 


@ Excellent food, included as part of the hotel cost 


o_o 
Che Best Conference Ever 
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Meet Professor J. Lumen Lightly, electrical 
wizard who shows “Nancy” the magic of lighting. 


Oo00ogooo00n00 





GENERAL ELECTRIC PRESENTS A GREAT NEW FILM 


THE LIGHT LY YOUR LIFE 


Shows people the importance of lighting 


“The Light in Your Life” is one of the most interesting and 
entertaining educational films ever made. It’s science, sell, 
and fun wrapped in the neatest picture-package in years! 





Enjoyable to everyone . . . from kids to 
captains of industry. And we're showing it ANOTHER 
all over the country to expand the market 
for better lighting. 

General Electric will be glad to show you 
“The Light in Your Life’ soon—just call 
your nearest G-E Lamp Department office 
right away! 


“Nancy” and the Professor go in for air 
travel while he points out how lighting G r N r R A L LE C T R | C 


works for everyone. 
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Three reasons why 
Cleveland banks on 
Frink for lightin 











Today, the city of Cleveland is favored with three of the 
finest new lighting installations in the country. While 
vastly different in design and technique, they have one 
thing in common... they all were manufactured by FRINX, 


one of America’s leading specialists in planned lighting 
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SOCIETY FOR SAVINGS IN THE CITY OF CLEVELAND t e a skylight effect and provide efficient overal 
.a fine example of an inst n combining Frink tandard L-I-N-O-L-I-T-E Series 
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22 fixtures 
une. Architects 


Frink ! 5 
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I 
The 1949 line of standard L-I-N-O-L-I-T-E fluorescent fixtures includes a wide 
variety of designs suitable for every commercial lighting purpose. In addition, 


Frink specializes in the design and manufacture of custom-built lighting expertly 
designed, engineered and manufactured to individual requirements. Write today 
for your copy of the new Frink Catalog, and packet of sample PLAN-O-LITI 
layouts, photographs and engineering data on typical Frink installations to 


The Frink Corporation, 27-05 Bridge Plaza North, Long Island City, N. Y. 
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miller 


slimline luminaires 


New flexibility of application 


of the 96 in. slimline fluorescent lamp. 


New simplified installation, 


operation and maintenance. 


Write for miller slimline catalog 2G. 


ANNOUNCING 


for commercial and industrial interiors 


a 

new 
high 

in 
lighting 








THE miller COMPANY 


SINCE 1844 

ILLUMINATING DIVISION, MERIDEN, CONNECTICUT 

ILLUMINATING DIVISION Fluorescent, lacandescent, Mercury Lighting Equipment EATING PRODUCTS DIVISION Domestic 
OW Berners and Liquid Fue! Gevices ROLLING MILL DIVISION Presphor Bronze and Brass in Sheets, Strips and Rolls 
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LIGHTING DATA SHEETS OF GENERAL LIGHTING PRACTICE 


; The first seven sheets of Series XIV, I.E.S. Lighting Data Sheets will be ready for mail- 
ing within the next few weeks. As limited quantities of each sheet are being printed, it is 
urged that subscriptions be placed early. Described in a news article in this issue, this series 
includes 24 sheets, the balance being mailed to subscribers during the remainder of the year. 
Typical data sheets on the subject of outdoor and residential lighting appear on pages 211 and 
231 of this issue. 

They represent real solutions to 24 practical lighting problems! 

While each sheet will be printed in ILLUMINATING ENGINEERING, the series also 
is printed on extra-heavy coated paper and punched for binders for service in the field or on 
the reference shelf. The entire series of 24 sheets may be ordered now at $1.25 for single 
subscription; $1.00 in lots of 25 or more sets. 


A new-style, durable loose-leaf binder to hold the data sheets is now in production. 
The binder will be attractively bound in blue fabrikoid (to match your I.E.S. Handbook) and 
stamped in gold. Rings are of |” capacity, ample to hold Series XIV, and earlier or future 
sheets as well. Binders are priced singly at $1.50; $1.25 in lots of 25 or more. 


Our supply of Series XIII is being replenished so if you missed the last series you may 
now provide yourself or your office with complete portfolios of practical lighting information. 
Series XIII is available at the old price of $1 per set. 


Please place your order for data sheets and binders early. 


ILLUMINATING ENGINEERING SOCIETY 
51 Madison Avenue 
New York 10, N. ¥ 
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STEBERLITE 
SPOT and 


Floodlighting 


Here's an inexpensive lamp holder 
for spot and floodlighting service 
stations, business areas, playgrounds, 
parking lots and numerous other 
applications. Steberlites for 150 to 
500 watt projector and reflector type 
lamps are complete units and do not 
require any other small parts. Steber- 
lites save labor and wiring costs. 
They are compact, weather-proof and 
completely wired, ready for quick 
assembly and installation, indoors or 
out. Steberlites can be used singly, 
in pairs, or clusters of 3, 4 and 5 
Only a few basic units are necessary 
to serve most requirements. Write 


for new Bulletin 120. 


Sold Through Leading Wholesalers 


/STEBER\ 
LIGHTING UNITS 


STEBER MANUFACTURING CO. 
Dept. 74, 2700 Roosevelt Road, 
Broadview (Maywood P. O.), Illinois 
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You'll get more out of your lighting systems — more out 
of your buildings — with POWERSTAT light dimming 
equipment installed in your school lighting circuits. Audi- 
toriums equipped with POWERSTAT Dimmers find more 
evening use for plays, social and civic functions. Gymnasiums 
are made more suitable for dances, parties and bazaars 
when lights can be dimmed, brightened or blended to suit 
the occasion. Extra activity means more frequent rentals — 
increased income from units otherwise unprofitable. 
Classroom lighting, when controlled by a POWERSTAT 
Dimmer, can be set to the most effective levels to accurately 
offset poor natural lighting conditions. Hallway lighting 
can be increased to full brilliancy for class changes — dimmed 
to economical levels when traffic loads are negligible. 


POWERSTAT light dimming 
equipment is simple to install 
— easy to operate. By merely 
pushing a button the desired 
light level is achieved. Push- 
button stations can be placed 
at any convenient location. 


We'll be glad to send you com- 
plete information on how 
POWERSTATS can be used 
in your plans for school light- 
ing — write us today. 


WRITE 5059 DEMERS AVENUE, BRISTOL, CONNECTICUT 


rue SUPERIOR ELECTRIC cf 


BRISTOL, CONNECTICUT 


Powerstat Variable Transformers @ Voltbox A C Power Supply @ Stabiline Voltage Regulators. 





THIS BALLAST 
Wiel is 


LIGHTING PERFORMANCE 


Blinking lamps, slow lighting lamps, end- 
blackened lamps, stroboscopic light pat- 
terns, humming fixtures, these are indications that 
should lead you to replace those defective ballasts 
with Acme Electric fluorescent lamp ballasts. Acme 
Electric ballasts provide the exact starting and 
operating current and wattage output required to 
properly operate the lamps. Better engineered, 
better construction, better performance. Write for 

Bulletin FL 167 
ACME ELECTRIC CORPORATION 


295 WATER STREET CUBA, N. Y. 


Aeme=\iti= Fleetriec 











Now Is The Time— 


TO LIGHT UP THAT PLAY AREA. 


750-1500 Watts 
18” Diam 


This MULTI open type floodlight is engineered 
to give maximum flexibility of light direction with 
simple adjustment methods. 

It’s durable, too — heavy steel finished in porce- 


lain enamel. 





DISTRIBUTED THROUGH LEADING WHOLESALERS 


MULTI ELECTRICAL MFG. COMPANY 


CHICAGO 24 





4223-43 WEST LAKE ST 
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ACHIEVE DECORATIVE BEAUTY 
and 


EFFICIENT LIGHTING 


with 


ORIGINAL SOLID CORRUGATED 
GLASS 


Corrugated Glass is widely used in partitions to provide 
individual offices of taste and quiet dignity. The effectiveness 
of vertical lines, accentuated by the sparkling highlights of the 
corrugations accomplishes the overall result for which modern 
decorators strive 


Pennsylvania Wire Glass Company 


1612 MARKET STREET PHILA. 3, PA. 
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ATTENTION! 


Manufacturers’ representatives 
are wanted to sell efficient 
FLOLITE COLD CATHODE 
FLUORESCENT LAMPS and 
FLOLITE REFLECTOR UNITS 
to custom fixture manufactur- 
ers. Protected territory. Write 
us today for full particulars. 


MOBECO, INC. 
Watertown 72, 
Boston, Massachusetts 


ng iW a Line ‘ 


a 
SLIMLINE LAMPS 


and 


GUTH SLIMLINE TRUCOLITE 


the winning team 


The only Slimline fixture with downlight reflectors for maximum benefit from the 
new lamps. Greatest light-producer — sleek appearance. Easy to handle. One man 
can install it. Simplified wiring. Immediate delivery. 


Versatile! For 2 or 4 lamps — open, with eggcrate louvres, or glass diffusers — 
mounted flush or suspended, in units or rows. For 200, 300 and 425 m.a. lamp 
intensities. 
To make sure of all the advantages of Slimline lighting, specify the 
GUTH Slimline Trucolite*—the time-tested, high-level light pro- 
ducer! Send today for Bulletin 852-1 with full details. 
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THE EDWIN F. GUTH COMPANY / ST. LOUIS 3, MISSOURI 
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The Children Brought Their Parents 
To See This Newly Lighted Classroom 


At the Southeastern School Lighting Institute and 
School Lighting Exhibit held April 19, 20 and 21 at 
Mirror Lake Junior High School, St. Petersburg, Fla.. 
Ruth Downer, social studies teacher, expressed her- 
self so enthusiastically about the new lighting in her 
room, that we asked her if she'd mind putting her 
sentiments into a letter. She did, and here's her letter: 


oS 2 @ 


The installation consisted of 3 rows of U akefield Stars with Slim- 
line lamps. The UW akefield Star has proved itself outstanding in the 
Rosedale School experiment at Austin, Texas, and in many other 
installations. If you are concerned over providing your students 
with a visual environment in which seeing becomes relatively 
effortless, we have much valuable information and data for vou 
M rite The F. W. Wakefield Brass Company, | ermilion, Ohio. 


COlekegielel ver ALL Lighting 


A BASIC CLASSROOM TOOL 
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In a specification, it denotes the exact 
kind of lighting performance desired. “G"’ stands 
for General Diffuse lighting distribution; “45” for 
45° side shielding; “30” for 30° end shielding; 
“2” for a brightness in shielded zone of not more 
than 2% footcandles per square inch; ‘‘P”’ means 


Pendent mounting. 


For a fixture, those symbols mean that Electrical 
Testing Laboratories, Inc., after photometric tests, 
find it has those performance characteristics. 
Thus, it is now possible for the specifier to express 
simply and precisely the lighting performance he 
wants. And the buyer can now buy fixtures and 
know in advance how they will perform when 
installed. For, in addition to the Index System 
rating, complete photometric data, together with 
coefficients of utilization are supplied for each 
Fleur-O-Lier fixture, 

And the Fleur-O-lier label certifies that the fixture 


is “right’’ mechanically and electrically. 
Fleur-O-Lier Gives Complete Information — 


All the data needed to make an intelligent choice 
of fixtures is provided by Fleur-O-Lier. You get— 


1. An Index System Rating 
2. Photometric test data 

3. Coefficients of Utilization 
4. Certification 


You're sure when you insist on Fleur-O-Lier. 


CERTIFIED 





FLEUR-O-LIER 
WManufacturers 


2116 Keith Building * Cleveland 15, Ohio 


Fleur-O-Lier is not the name of an individual manufacturer, but of a group of 
fixtures made by leading manufacturers. Participation in the Fleur-O-Lier program 
is open to any manufacturer who complies with Fleur-O-Lier requirements. 


m eccordence 

with Test 
Requirements of 
Spec#icatioms of 
Fleer-O-Lier Monetocterers 


ELECTRICAL TESTING 
LABORATORIES INC 
NEW YORE NW Y 











To assure uniform brilliancy, a Westinghouse worker in the Fairmont, 
W. Va. plant gives “Easter egg” test to 100-watt fluorescent lamp. 
The brilliant radiation of this industrial lamp is measured through a 
tiny hole in sphere’s side by an electric eye. 


you CAN BE SURE...1F ITS 


Westinghotise_ 
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